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ABSTRACT
A revised palaeogeographical reconstruction of the Visean 
sediments of N.W. Ireland is presented; it is based on the detailed 
analysis of the coast sections of Counties Sligo and Donegal pre­
viously ascribed to the Ballyshannon Limestone (C^S^) and Basal 
Beds, and reconnaissance of inland areas.
The stratigraphy of these outcrops is reappraised in the light 
of further studies of the lithology, palaeontological assemblages, 
bore-hole core records and structural analysis.
The effects of faulting are considerably greater than formerly 
appreciated; hence it is argued that previous descriptions of the 
Ballyshannon Limestone and Basal Beds have involved erroneous cor­
relations of fault blocks. Thus in addition to the Basal Beds the 
Carrowmoran Sandstone, a western extension of the Mullaghmore - 
Kildoney - Mountcharles Sandstone outcrop, of approximately 8^ age, 
was ascribed to the basal Carboniferous arenaceous facies. Similarly 
much of the Ballyshannon - Ballina Limestone succession can be cor­
related with beds of post C^S^ age. Accordingly the Carricknacusha 
Sheile is regarded as the western extension of the Benbulben Shale
(S D ); while representatives equivalent to the Glenceœ and Dartry 
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Limestones (D^) are also found in the beds previously attributed to 
the C^S^ carbonate transgression.
The constancy of the various lithostratigraphical units facili­
tates correlation over a wider area than was previously appreciated
and many of the facies variations previously inferred have proved un­
necessary. Accordingly the overall palaeogeography has been simpli­
fied, though at individual horizons detailed facies patterns are des­
cribed in both deltaic sediments, and coral-brachiopod associations 
developed marginally between the dysphotic tropical belt and sheillow, 
warm waters of the open shelf.
The influence of the positive element represented by the Ox Block 
is shown to have been over a wider area than was formerly thought, 
although its influence in time was restricted to 0^8^.
The extension of the correlation beyond this area, westwards 
into the Ballina syncline and southwards to Carrick-on-Shannon has 
necessitated the review of the Ballina succession. In that district 
the pre-8^ beds are demonstrably thinner than previously realised.
From the three areas it is possible to reconstruct a northeasterly 
transgression of the Visean sea in C^8^ times from a more csilcareous 
environment of Ballina, across the positive Ox Block, into the area of 
maximum deltaic sedimentation in Co. Donegal. This was followed by a 
northeasterly regression of deltaic sedimentation during the deposition 
of the Ballyshannon Limestone. A further deltaic phase, of 8^ age, is 
recorded; during which the area of maximum deltaic sedimentation was 
east of Carrowmoran, while its southwestern limits can not have lain 
far from Carrowmoran and Ballymote, since Ballina and Csurrick-on— 
8hannon occupied the off-shore mud-zone facies.
I. INTRODUCTION
1. DEFINITION OF THE AREA STUDIED
The area studied, whose location is shown in Plate A, consists 
of those outcrops described as Carboniferous Basal Beds and the Bally­
shannon Limestone and its lateral equivalents, as defined in Oswald 
(1955)* George & Oswald (195?) and Bowes (1957* unpublished Ph.D. 
thesis). In the following account the results of a detailed litho- 
logical analysis of the coastal sections is combined with reconnaissance 
information from much of the inland area. Outside this area selected 
outcrops showing the nature of the base of the Carboniferous in Co. Mayo 
have been studied for comparison.
2. AIM OF THE PROJECT
The aim of the project was to enlarge upon the palaeogeography 
outlined by George (1958) by attempting to trace variations in facies. 
According to that palaeogeographical interpretation this area consists 
of the North-West Irish Trough of deposition, of caledonoid trend, 
flanked by the positive areas of the ’Atlantean* Massif to the north 
and the Ox Arch to the south. South of the Ox Arch the Midland-Plain 
Shelf acted as a stable area. The Dinantian sea transgressed north­
wards across these belts which influenced the pattern of sedimentation.
3. HISTORY OF RESEARCH
a. Pre-twentieth century.
The first general stratigraphy and structure of the area was 
propounded by Griffith (1837, I838 & I858); while fossils from the 
area were described by McCoy (l844), Brongniart (I837) and Scott (1837)#
Several minor items concerning portions of the area published during 
the nineteenth century are adequately documented in synoptic form in 
Oswald (1952, Ph.D. thesis) and Bowes (ibid.).
b. Geological Survey of Ireland (I83O-I899)#
The second major survey of the area was undertaken by members 
of the Geological Survey of Ireland between I876 and I89I" Mapping 
was carried out on a scale of six inches to the mile and the results 
published as one inch maps with accompanying explanatory memoirs 
(Kilroe, J.R. & Symes, R.G. I88O; Kilroe, J.R. I883; Wynne, A.B. 1883; 
Wilkinson, S.B. & Cruise, R.J. I886; Symes, R.G. & Wilkinson, S.B. I886; 
Egan, E.W., Kilroe, J.R. & Mitchell, W.F. I888; Symes, R.G. I891)# In 
the survey reports the then standard four-fold lithological division 
was adopted (Lower Carboniferous Sandstone, Lower Limestone, Middle or 
’Calp’ Limestone, and Upper Limestone). In these the significance of 
variation in facies was appreciated though heightened by Kilroe’s (I888) 
discovery of the two small outliers on Slieve League.
c. Glasgow research school (1950- )•
Half a century later a University of Glasgow research school, 
under the direction of Professor T. Neville George, remapped the area. 
Oswald (1955) established a revised succession for the Sligo syncline 
using local names for the rock-stratigraphical units. In George & 
Oswald (1957) a further set of local names is applied to approximately 
correlative rock-stratigraphical units present in the Donegal syncline. 
These equate only with the lower portion of the Sligo succession.
TABLE 1
PREVIOUS STRATIGRAPHICAL CORRELATION OF THE VISEAN
IN THE BALLINA -  SLIGO -  DONEGAL AREA.
19 th. CENTURY D.H. OSWALD 1955 T.N. GEORGE & D.H. OSWALD 1957 G. E.BOWES 1957 (unpublished).
GEOLOGICAL SURVEY
WHOLE AREA SLIGO DONEGAL DROMORE WEST (east) BALLINA (west)
alternatives.
Upper Limestone Dartry Limestone
Is
P
u
Calp Lst. Glencar Limestone D,
Calp Shale Benbulben Shale
Calp Sst. Mullaghmore Sst. ?S; Kildoney -  Mountcharles Sst.
Lower Calp Sh Bundoran Shale Coolmore -  Doorin Shale
Lower Limestone B a lly ^ n n o n  Lst C^S■ s i
Ii
Muckross Sandstone Easky Limestone Ballina Lst. Ballina
— ^KUalla Oolite
-
Rinn Point Beds Donaghintraine Sh. Kilalla Oolite
Upper Shalwy Beds Dromore Sst. Kilalla Sandstone Kilcummin Lst.
L.Shalw^/éruckless Beds Kilcummin Lst. Creevagh Sst.
Basal Conglomerate Creevagh Sst. Downpatrick Lst.
Downpatrick Lst. Minnaun Sst.
Minna un Sst.
FIG. 1
PROPOSED STRATIGRAPHICAL CORRELATION IN THE 
BALLINA -  SLIGO -  DONEGAL AREA
BALLINA (modification of Bowes 1957), DONEGAL (George & Oswald 1957). SLIGO (Oswald 1955).
DARTRY LIMESTONE
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Bowes (1957) further attempts to correlate the western Sligo succession 
with that of Oswald's (1955) coast succession giving yet another set 
of approximately correlative rock-stratigraphical units with local 
names. The approximately correlative rock-stratigraphical units adopted 
by this school and the nineteenth century Geological Survey of Ireland 
are set out in Table 1©
4. SYNOPSIS OF CURRENT CONCLUSIONS
Many of the more generalised palaeogeographical suppositions 
postulated by the Glasgow research school are upheld; though in detail, 
notably in Co. Sligo, the conclusions are not corroborated. Accor­
dingly a number of the facies changes ascribed to the Ballyshannon 
Limestone and Basal Beds, and their lateral equivalents as postulated 
by the Glasgow school prove to follow from the unsatisfactory cor­
relation between fault blocks. Thus the erroneous compsirison of 
different horizons has arisen#
A more detailed study of the lithology over a wider area, combined 
with a more precise structural analysis, has resulted in the accompanying 
stratigraphical revision (fig. l). The facies study, which initially 
was conceived as involving one carbonate and one arenaceous horizon, 
emerges as a study of sedimentation in a number of fault blocks. Thus 
facies patterns have been studied in a lower. Bally shannon Limestone 
and Basal Beds, and an upper set of beds, which correlate with the 
Benbulben Shale, Mullaghmore Sandstone, Glencar and Dartry Limestones.
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II. ARENACEOUS FACIES
1. STUDY OF THE BASAL BEDS ON A REGIONAL BASIS
a. Introduction.
In any Visean palaeogeographical reconstruction which involves 
the number of sedimentological controls that are recognised by the 
Glasgow research school, a study of the nature of the contact between 
the lowest Carboniferous sediments and the basement inevitably must 
cover a wide airea. Accordingly in addition to the area outlined by 
Plate A, selected outcrops outside the area, also attributed to the 
Basal Beds by the Glasgow School, have been studied.
The exposures vary considerably in their extent and suitability 
for sedimentological analysis. Hence, though an initial attempt was 
made to prepare a field description by quadrat counts of grain size, 
shape and composition, this was soon abandoned as unsuitable. In­
stead a condensed, generalised, subjective, comparative account is 
proffered.
Various, individual field descriptions of the nature of the base 
of the Carboniferous are adequately recorded for the following out­
crops under discussion
i. Donegal A. Shalwy
B. Bruckless
C. Slieve League outlier
ii. Ballyshannon
iii. Lurganoy, Co. Leitrim
iv. Doonflin stream, near Skreen, Co. Sligo
V. Glenlossera North Co. Mayo (Ballina Syncline)
vi. Curraun Peninsula, South Co. Mayo (Northern limb of Clew Bay Syncline)
whose locations are shown on Plate A.
The contemporaneity of the sediments cannot be proved at any two 
localities, since in all instances the beds rest on a metamorphic 
basement and only at Ballyshannon is any biota recorded; while the 
overlying beds generally have been ascribed to C^S^ unless the contact 
is faulted. Nevertheless, however diachronous the beds may be, the 
nature of the unconformity is symptomatic of the prevailing palaeo­
geographical conditions.
George & Oswald (1957* pp*l4l & 157) review the base in Co.
Donegal which was first described quite fully by the nineteenth century 
Geological Survey of Ireland (Kilroe I888; Hull, Kilroe & Mitchell, I89I, 
p.47) and later by Geikie (1924, p.22l). The lithological similarity 
of the Slieve League outliers and the basal beds of the Shalwy - 
Muckros area is commented upon though the probability of a diachronous 
Visean base is stressed by George & Oswald (ibid.).
Near Ballyshannon Oswald (1955* p.169) describes the exposure in 
the road cutting south of Knadar Lough, a mile east of the town, which 
is subsequently referred to as lithologically unique in Co. Donegal 
(George & Oswald, 1957* p.l4l).
Bowes (ibid., pp.1-5) records the debate on the basal Carboniferous 
beds in North Co. Mayo. Prior to the nineteenth century Geological 
Survey of Ireland's reports these beds had, not infrequently, been 
ascribed to the "Old Red Sandstone" by some authors while others
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Plate 1. The basal Carboniferous 
unconformity at Shalwy, Co. 
Donegal. The Basal Beds, 
showing very little evidence 
of grading, rest upon green 
schists. Scale: cliff face 
is about 25 feet high.
Plate 2. Close-up of the unconformable junction of the Basal Beds, illus­
trated in Plate 1, on the green schists of the basement at Shalwy. 
Scale: grass is up to eight inches tall.
Plate 3* Rapid variation in grain size and degree of sorting shown by the 
Basal Beds southwest of Pollacurry, near Shalwy. The large, well rounded 
fragments are of metaquartzite, while the small, angular, light coloured 
interstitial material is vein qusœtz set in a maroon, medium grained 
sandy matrix. Scale: folding rule is fourteen and a half inches long.
Plate 4. Close-up of the Basal Beds to show the greater angularity of the 
smaller components, chiefly vein quartz fragments, and the more rounded 
larger components, dominantly boulders of metaquartzite, set in a poorly 
developed sandy matrix. Scale: folding rule is fourteen & a half inches.
8contested that they were Carboniferous.
A general description of this kind immediately reveals one 
constant feature. The type of sediment found in each area bears 
close similarity to the underlying rock types, suggesting a compara­
tively local origin of the material. Though certain similarities may 
be detected between different localities each outcrop is essentially 
unique reflecting a different hinterland and hydrological history.
b. Description of Selected Exposures.
i. DONEGAL
A. Shalwy
Possibly the best exposure of the basal beds in relation to the 
basement in the Donegail Syncline is to be found at Shalwy (Plate 1, 
and Plate 2 close up of the plane of unconformity). Here the beds 
attain their maximum thickness showing a remarkable homogeneity of 
components though the texture varies considerably within a short 
distance (Plate 3)* At Shalwy there is very little evidence of 
grading or imbrication (Plate l), though an overall decrease in grain- 
size from the base of the conglomerate to the top, a vertical distance 
of some 73 feet, can be found. Although these beds rest directly on 
green schists there is little schist in the conglomerate save at the 
base; the conglomerate is composed in the main of fairly well rounded 
metaquartzite fragments and small, angular vein quartz fragments 
(Plate 4).
In thin section the uniformity of the components is even more 
conspicuous than in the field; indeed several samples selected with a
Plate 5. Penecontemporaneous deformation of the Basal Beds^southwest 
of Pollacurry, near Bheilwy. The axial trace strikes 108 • The 
southernmost, left side of photograph, beds are downthrown relative 
to the beds on which the hammer is resting. Scale: hammer shaft is 
thirteen inches long.
view to differentiation on a petrographicsil basis proved indistingui­
shable in thin section. The matrix consists of a welded, angular, 
coarse grained quartzite containing much strained quartz and fragments 
of a minutely subgraphitic textured gneissose quartzofelspathie rock.
All of the six boulders sectioned proved to be metaquartzites in which 
the only variations were to be found in the amount of fracturing, the 
grain size, the development of flakes of muscovite and the rare occurrence 
of large microcline crystals. In hand specimen the components compare 
well with the quartzites underlying the Slieve League outliers.
The environment suggested by the lithology, lack of grading and 
imbrication in combination with the large size of boulders is one of 
rapid flowing waters. The frequent interdigitation of the coarse and 
fine washes may also support a notion of near torrential origin of 
the material from a nearby immature hinterland, accounting thereby for 
the maximum degree of rounding by attrition over a minimal distance.
There is no evidence of any form of life at Shalwy, though only one and 
a half miles away at Traloar, Muckros, a giganteid burrow elsewhere 
associated with terrestrial sediments (p.io6) is recorded. Accordingly 
it is inferred that these sediments were deposited if not on land, very 
close to it. This conclusion is further substantiated by the presence 
of lepidodendrid roots in situ only 100 feet from the base of the 
overlying Lower Shalwy Beds at Shalwy.
In the coastal outlier of basal beds between the Muckros and Shalwy 
outcrops one notable tectonic-sedimentary feature is worthy of comment. 
There appears to have been penecontemporaneous displacement of the 
conglomerates striking 108°, downthrowing to the south as illustrated
m m m
Plate 6. Close-up of the heterogeneous, conglomeratic lithology of the 
Basal Beds at Ballylaughan House, Bruckless, Go. Donegal. The larger 
components consist of fairly well rounded quartzites, schist and 
metamorphosed porphyrites. The smaller somewhat more angular frag­
ments are vein quartz, while the maroon, sandy matrix occupies a high 
proportion of the rock. Scale: coin is one inch in diameter.
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in Plate 3*
B. Bruckless
A contrast between the basal beds of Shalwy and Bruckless is 
evident in the field. At Bruckless there is a conspicuous maroon 
matrix to the basal conglomerate. The conglomerate is more hetero­
geneous (Plate 6) than at Shalwy and the proportion of matrix to frag­
ments is considerably higher. South of the estuary at Ballylaughan 
House buff coloured, coarse grained, felspathic sandstones occur which 
are more reminiscent of the quartzites of the Lower Shalwy Beds. Neither 
the basal unconformity nor the junction between the maroon and buff 
sediments is visible on account of faulting. Maroon sediments are only 
recorded at the eastern end of the Largymore Syncline in close proximity 
to faulting, so their true thickness cannot be calculated.
The following description is limited to the lower, maroon sedi­
ments at Bruckless. In thin section the matrix consists of an angular, 
poorly sorted, medium grained sandstone with a variable amount of clay 
mineral enveloping the large muscovite, orthoclase, microcline and 
quartz crystals and rock fragments of strained, medium to coarse 
grained, angular monogenetic quartzite.
In contrast to the homogeneous conglomerates of Shalwy the components 
can be referred to six rock types:
(i) Semipelitic muscovite schist^ composed of equal parts of micas and 
quartzofelspathie material; showing some suggestion of retrogressive 
metamorphism.
(ii) Poorly sorted, medium to coarse grained, angular quartzite with a
11
variable amount of interstitial clay mineral and advanced alteration 
of orthoclase and plagioclase.
(iii) A group of highly altered, sometimes very fine grained rocks 
mimicing graphic textures. The mineral assemblage is mainly relict 
consisting of anhedral mafic minerals, sericitised felspar, sillimanite 
and quartzose augen. Accordingly a high grade metamorphic rock derived 
from a porphyrite assemblage is implied.
(iv) An amorphous carbonate rock containing occasional quartz grains.
(v) An acid plutonic rock containing much quartz and felspar but 
nothing else.
(vi) Highly serpentinised rock with relict anhedra of large crystals 
outlined by clusters of small iron ore crystals.
C. Slieve League Outliers
George & Oswald (1957» p.157) have already drawn attention to the 
similarity of these exposures to the Muckros - Shalwy outcrop, though 
imbrication is well developed on Slieve League. The beds are complicated 
by faulting in the Muckros district but are otherwise very similar, 
though the degree of leaching is not nearly as far advanced as on 
Slieve League. The uniformity of boulder size, and homogeneity of its 
content is once more apparent, comparing favourably with the description 
of the outcrop at Shalwy. The abundance of worm burrows and stigmarian 
rootlets however contrasts with the Shalwy outcrop, though there is 
some indication of their existence in smaller quantities at Muckros.
A similar environment, though probably of more terrestrial origin, 
may be inferred.
Plate 7. The basal Carboniferous unconformity at Bally shannon, Co. Donegal, 
showing saccharoidal dolomite containing occasional slabs of the under­
lying schistose quartzite which appear to be barely disoriented. Scale: 
hammer shaft is thirteen inches long.
Plate 8. Close-up of the bassil Carboniferous at Ballyshannon to show the 
grain size of the sandy saccharoidal dolomite and its inclusions. 
Scale: coin is one inch in diameter.
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ii. BALLYSHANNON
The unconformable junction of the basal Carboniferous sandy dolo­
mites and the underlying metaquart zit es (Plate ?) exposed in the road 
cutting South of Knadar Lough, a mile east of Ballyshannon, contrasts 
markedly with all other junctions studied. There is no sign of even 
a thin conglomeratic band at the base. The beds present a uniform, 
brown, saccharoidal dolomitic appearance (Plate 8) in which one syringo- 
porid colony in situ, only eighteen inches above the plane of uncon­
formity, and occasional tumid spiriferids can be discerned. In the 
lowest two feet the beds have a variable sandy development, with 
occasional vein quartz pebbles up to an inch or two in diameter.
Evidently these sediments were not deposited under the same regime 
as the torrent conglomerates of Muckros and Shalwy or Bruckless. The 
supply of detritus is very restricted in this outcrop, suggesting a 
mature hinterland flanked by a carbonate environment. The contact with 
the basement is sharp. Frequently the unidimensional view available 
precludes the determination of whether some of the slabs of quartzite 
close to the base of the Carboniferous (Plate 8) are in fact detached 
but barely moved, or are only protruding ledges in a wave cut platform.
The presence of the syringoporid colony indicates that the environ­
ment was not inimical to life. It is not possible, however, to determine 
how favourable the conditions were on account of the advanced stage of 
dolomitisation. That the dolomite is, at any rate in part, of secondary 
origin is apparent from the complete obliteration of the shell structure 
of the coral and brachiopods. Accordingly it may be argued that the 
paucity of the biota is not truly representative.
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iii. LÜRGMBOY, GO. LEITRIM
Oswald (1933$ pp.169-170) describes the basal beds around the 
northern end of the present Ox Mountains. The unconformity is only 
visible at the western limit of Ballyglass Wood, near Lurganboy, where 
leached pebbly arkoses are seen resting on the schistose basement. An 
environmental reconstruction in this area is of limited significance 
since the evidence is very restricted. The lithology and extrapolated 
thickness bear closest similarity to the basal beds of northern Go. 
Mayo, consequently an analogous environment is envisaged.
The beds are described by Oswald (1933, p.170) as "coarse con­
glomerates with pebbles up to one and a half inches in diameter". 
Comparison with the other areas described herein suggests that these 
beds are comparatively well sorted and their constituents well rounded, 
There is no suggestion of torrential conditions prevailing over a 
rugged, neighbouring hinterland; which the basal beds of Go. Donegal 
imply. The material may well have been transported from a more mature 
hinterland, though of greater relief than the Ballyshannon area, and 
conceivably from a more distant source than Oswald envisaged.
iv. DOONFLIN STREAM, near SKREEN, GO. SLIGO
Bowes (ibid., pp.38-39) describes the basal conglomerates of the 
head of the Doonflin Stream which he estimates to be 30 feet thick. 
These consist of maroon sandstones with pebbles stringers not entirely 
dissimilar to the Bruckless Beds. They contain a predominance of pink 
and white, well rounded, vein quartz reaching up to seven inches in 
diameter with occasional more angular schist fragments• The exposures 
are extremely restricted, though blocks of similar material abound in
» '
Plate 9» The basal Carboniferous unconformity at Glenlossera (Ballina 
syncline) in north Co. Mayo, showing a variably developed thin con­
glomeratic phase rapidly passing up into massive, coarse grained 
sandstone. Scale: coin is one inch in diameter.
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neighbouring walls, from which the nearest analogy appears to be found 
in the basal beds of Bruckless.
V. GLENLOSSERA, NORTH CO. MAYO
Bowes (ibid., pp.ll-13) describes the basal conglomerate of this 
area. The outcrop is not as distinctive as the basal beds of Bally­
shannon which reflect a carbonate environment. Certain similarities 
may be traced between these sediments of North Co. Mayo and those of 
the Curraun Peninsula in South Co. Mayo, and the conglomerates of 
western Co. Donegal but the reduced thickness and provenance form a 
contrast.
At Port (Plate 9) the basal conglomerate occurs in lenses up to 
three feet deep and fifteen feet long, comprising angular to subangular 
material generally less than three but often less than one and a half 
inches in diameter. The matrix occupies about thirty per cent of the 
rock, in which the pebbles are composed of a predominance of pink and 
white vein quartz, and two types of metaquart zite, one of which is some­
what schistose. Rare components reach nine inches in diameter. Above 
this the beds pass up rapidly into a homogeneous, coarse grained, buff, 
arkosic sandstone which not infrequently overlaps the conglomerate to 
rest directly on the metamorphic basement.
This outcrop, thus, is more similar to the rudaceous facies of'.Donegal 
and Mayo than Ballyshannon; though the poor development of the basal 
conglomerate suggests that the hinterland may not have been as near 
and rugged as that of Donegal. Accordingly the material, though of 
comparatively local origin, may have suffered a greater degree of
Plate 10. Heterogeneous, poorly sorted, angular basal conglomerate of the 
Curraun Peninsula in south Go. Mayo. It is dominantly composed of 
metaquart zite fragments, with lesser amounts of schist and vein quartz 
in a sandy matrix. Scale: coin is one inch in diameter.
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transport and sorting. Thus a more uniform supply would have been 
available than in the case of the rapid alternations of fine and 
rudaceous material seen at Shalwy, which have been ascribed to 
sporadic torrential conditions.
vi. CURRAUN PENINSULA, SOUTH CO. MAYO
Extensive strike sections and bedding plane exposures of the 
basal beds flank the northern limb of the Clew Bay Syncline in this 
area. The overall texture of the basal beds (Plate 10) is considerably 
coarser than any of the other localities discussed. In comparison 
with the Glenlossera district a buried landscape type of unconformity 
is again evident. On the hills east of Lough Ard there are enormous 
pockets of extremely coarse, poorly sorted, basal conglomerate cora^  
prising angular to subangular boulders not infrequently reaching three 
feet in diameter. The chief components are the ubiquitous vein quartz 
and metaquart zit es, but here the matrix of quartz sand is well developed. 
Further west the beds become more homogeneous and poorly sorted with a 
predominance of angular metaquartzite slabs.
On the foreshore these beds are seen to pass up into homogeneous, 
well compacted, maroon sandstones with occasional pebble stringers, 
washouts, and giganteid burrows.
The environment may be interpreted as similar to that of western 
Co. Donegal in which fast flowing, probably torrential waters were 
capable of transporting a considerable load that was deposited a short 
distance from the hinterland. Other than the giganteid burrows, which 
may be of terrestrial or very near shore origin, no biota is recorded.
No conclusive evidence has been found which proves the three dimensional
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distribution, or definite source of the material. On lithological 
grounds these deposits suggest a type of conglomeratic, delta cone built 
up around a marked break in slope, thus causing a sudden loss of velocity 
and consequent decline in load capacity of the transporting waters, 
which had started in a hinterland of high relief.
c. Palaeogeographical Conclusions.
The basal beds evidently form a buried landscape type of uncon­
formity which varies considerably in its local relief. The material 
is generally of local origin, and the size, degree of sorting and 
rounding of the components variable.
This review proffers a somewhat modified interpretation of the 
early Visean palaeogeography propounded by the Glasgow school. A 
diagrammatic illustration of the contemporary structural setting in 
the Ballina - Sligo - Donegal area, during the deposition of the 
basal beds, postulated is given in fig. 2.
Oswald (1955, p.181) initially conceived the notion of a 
positive Ox arch to account for his interpretation of a thinning of 
the lower Visean succession when traced from the Benbulben Range, 
through Lurganboy to Manorhamilton. George and Oswald (1958, pp.264-2?2) 
and Caldwell (1959, p.l80) have subsequently alluded to this phenomenon 
in their palaeogeographical conclusions.
The configuration of the basal beds still necessitates the 
retention of a positive Ox element, though its spatial and temporal 
relationships are reappraised. The gross lithological changes which 
can be traced between the successions of Donegal - Mayo, Oswald’s
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Sligo, and the Midland Plain; and the variable nature of the base of 
the Carboniferous strengthen the argument in favour of a positive Ox 
Block. Bore-hole cores (pp. 48 - Ioz ) do not support the narrow axis 
envisaged by Oswald. Even the bore-hole cores from the Twigspark 
estate, cited by Oswald as crucial to his hypothesis, do not support 
his views. Indeed the magnitude of thinning is far less than Oswald 
anticipated, almost vitiating his initial contentions.
The Ox is envisaged as a large block, now somewhat obscured by 
the Upper Visean sediments, extending eastwards from a line in the 
neighbourhood of the southern shores of Lough Eske, through Bally­
shannon, to around the foot of Cloonagh Hill in the Ox Mountains; 
thence to an eastern margin approximately corresponding to the southern 
limit of the present day Ox Mountains.
Further southwest the development of the basal beds in the Castlebar 
Syncline (Brindie, 1958, pp.9-12) in contrast to the rudaceous deposits 
of the Curraun Peninsula appears to accord with the development of the 
Lurganboy district compared with western Co. Donegal. Thus it might 
be suggested that the Ox element may have extended into this district.
The southern limits of the Ox Block are not defined.
Throughout the Ox Block the basal beds consist of a thinly 
developed arenaceous to subarenaceous facies with a notable absence 
of truly rudaceous deposits. Immediately northwest of this area a 
variably well developed rudaceous facies is recorded. A small, 
isolated outcrop of the rudaceous sediments is found at the hedd of 
the Doonflin stream, in Sligo (Bowes, ibid., pp#58 & 59), though it 
is best seen in the Donegal coastal exposures of the conglomerates of
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Bruckless, in McSwyne’s Bay, and Basal Beds west of Fintragh Bay.
To the east of the Ox Block a considerable increase in thickness of 
the basal arenites has been recorded (Simpson, 1955) which is 
further substantiated by the bore-hole core records about Dowra 
and Macnean (personal communication. Prof. W.D. Gill).
Throughout the positive element of the Ox Block a restricted 
supply of terrigenous material with concomitant thinning of the 
basal members is found. Elsewhere (p. 13^ ) the upper time limit 
of the positive influence of the Ox Block is shown to be restricted 
to the beds which equate with the lower portion of the Ballyshannon 
Limestone sequence, and not to an approximate plane as suggested 
by Geddwell (1959, p . l8 o ) .  Thus the spatial limits of the Ox 
element have been extended, and its temporal influence curtailed.
2. DETAILED STUDIES OF FACIES VARIATIONS IN THE DELTAIC COASTAL EXPOSURES
a. Introduction
The outcrop studied comprises the strata formerly ascribed to 
the arenaceous facies of the Ballyshannon Limestone and its lateral 
equivalents. The first field accounts of these outcrops were published 
in the nineteenth century by the Geological Survey of Ireland. Sub­
sequently, in the last decade, the University of Glasgow research 
school prepared several local reports of their distribution.
Detailed inch by inch field descriptions, accompanied by petro-
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graphical analysis of samples selected at five feet vertical intervals 
throughout the coastal successions were studied at the following 
localities:-
i# Co. Sligo: the Dromore West Anticline.
ii. Co. Donegal: the Bruckless sequence of McSwyne’s Bay.
the Shalwy succession of the western limb of 
the Largymore Syncline.
b. Deltaic Classification
The seven diagnostic characteristics of deltaic sediments are 
listed in synoptic form by Shepard (196O, pp.80-8l). Of these 
criteria only one group is not recognised in these sandstones, 
namely the presence of elongate sand bodies, which would hardly 
be expected in a two dimensionsüL study of this kind.
Taylor (1963, p.22) warns of the dangers of applying deltaic 
terminology to beds similar in lithology unless three of his four 
sedimentary associations can be recognised (pro-delta shelf, delta 
slope, delta front platform, and on-delta regions). He further 
comments upon the difficulties involved in recognising the exact 
limits between pro-delta and foreset slope deposits, and those 
of the foreset slope and the delta front platform.
The problems outlined by Taylor (idem) are not restricted to 
the Wealden delta complex, but are mirrored in the Visean sediments 
under discussion. Hence in preference to abusing an established
George. 1957 Hubbard Taylor 1963 Allen 1964
Deltaic On -  delta Flood plain TERRESTRIAL
Mangrove swamp
Marine deltaic Beach with beach ridges
Transitional -  de Itaic 
& Peride Itaic
Delta front
platform
Delta platform  
River mouth bar
Peri deltaic Delta slope Prodelta slope UJ
z
Off-shore 
mud - zone
Off -  shore 
mud -  zone
Pro delta Open shelf cr<
Z
Off-shore 
clear- water
Off-shore 
clear-water
Table 2. The classification of deltaic sediments.
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classification of deltaic environments, a revised form has been 
adopted.
The terminology herein employed is an adaptation of that used 
by George (1957, p.175), which is somewhat less precise than that used 
by Taylor (1965) or Allen (1964), but is readily adopted in the field, 
and yet is easily used in combination with the more refined classi­
fications. The approximately correspondence of the lithofacies uti­
lized by these authors is indicated in Table 2.
The reason for not adopting Taylor’s classification lies in 
the problem of differentiating the small thicknesses of the poorly 
developed, and sometimes absent, delta front platform deposits.
Where these are absent it is often difficult to distinguish the 
exact limits of the on-delta and delta slope facies.
In places the fine distinction between the deltaic and peri- 
deltaic environments has had to be somewhat arbitrary. In the strictest 
sense beds are only designated deltaic where there is an in situ 
establishment of a land flora. Yet beds of a similar lithology devoid 
of an in situ terrestrial flora, which appear to have been deposited 
under a similar regime, are attributed to the coarse fraction of the 
perideltaic environment. This is not a truly anomalous position 
since all contiguous environments must show a certain degree of tran­
sitional development. Thus these beds of deltaic lithology, devoid 
of a land flora, are described under the heading of deltaic environ-
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Plate 11. Photomicrograph of a typical, medium grained quartzite devoid 
of pore space. X polariser s. x 112.
Plate 12. Photomicrograph of a typicaO. quartzite showing predepositionsil
cracking. X polarisera, x 112.
4Plate 13* Photomicrograph of a typical arkose with 5 - 10^ carbonate 
matrix. X polariser s. x 112.
Plate l4. Photomicrograph of a typicsil arkose. X polarisera. x 112.
Plate 15. Photomicrograph of a typical calcareous arkose. X polarisera- 
X 112.
Plate 16. Photomicrograph of a typical calcareous sandstone.
X polariser s. x 112.
Plate 17* Photomicrograph of a typical haematitic sandstone* Plane 
polarised light. % 112.
Plate 18. Photomicrograph of a typical sandy sparite. X polarisers
X 112.
Plate 19. Photomicrograph of a typical recrystallised rhomboidal carbonate. 
Plane polarised light, x 112.
Plate 20» Photomicrograph of a typical oolite showing several generations 
of oolitic coating. Plane polarised light, x 112.
VPlate 21, Photomicrograph of a typical sandy oolite.
X 112,
X polarisera.
m m -
Plate 22, Photomicrograph of an altered micrite containing relict 
crinoid ossicle and brachiopod fragments. X polarisers. x 112,
4M
Plate 23* Photomicrograj^ of a sandy micrite* Plane polarised light* x 112$
f
Plate 24. Photomicrograph of a typical shelly limestone, almost entirely
composed of fragmental brachiopod and crinoid material. X polarisers.
X 112.
wPlate 25. Photomicrograph of a typical sandy silt stone. Plane 
polarised light, x 112.
Plate 26. Photomicrograph of a typical shelly calcareous shale.
Plane polarised light, x 112.
%Plate 27. Photomicrograph of a typical bioclastic silt stone. Plane 
polarised light, x 112.
Plate 28. Photomicrograph of a typical sandy shale. Plane polarised 
ligbt. X II2,
Plate 29. Photomicrograph of a typical silty sandstone. Plane 
polarised light, x 112.
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Figure 3» Palaeogeographical synthesis of the environment repre­
sented in the Carrowmoran Sandstone deduced from the detailed 
field observations illustrated in Plates B and C. T = marine 
transgression or drowning, R = regressive or stable phase.
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ments while in the environmental reconstruction (fig. 3) they féature 
under the perideltaic association and may conveniently be regarded as 
the transitional deltaic-perideltaic facies developed at the expense 
of the delta front platform.
Photomicrographs (Plates 11-29) illustrate typical sections of 
the lithologies referred to in subsequent figures and described 
hereinafter.
c. County Sligo
i. Introduction
The Lower Carboniferous Sandstone in the vicinity of Dromore 
West, Co. Sligo, was first described by Kilroe and Symes (I88O, 
pp.8 & 9) who noted its facies variations. In Bowes* account (un­
published Ph.D. thesis, 1937) this sandstone was renamed the Dromore 
Sandstone, and the Easky division of the Ballina Limestone less than 
200 feet above this is compared with OsweuLd* s (1935) Bally shannon 
Limestone, which the latter refers to C^S^ (1933, p.l80). Bowes* 
description enleirges upon the faunal content but adds little to Kilroe 
and Symes* (idem) lithological generalisations. In his fossil list 
the presence of plant fragments is recorded, and he refers to the 
significance of the Dromore Sandstone in his palaeogrographical con­
clusions .
The previous stratigraphical correlation of this area in relation 
to the Sligo and Donegal successions is tabulated (Table l). The local
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IDO
-4
w
•<
22
names ascribed to the sandstone and shale units by Bowes (1957) have 
not been adopted since both names are liable to confusion. The Dromore 
Sandstone was presumably named after Dromore West, the nearby village, 
which is not situated on this horizon. Despite the fine exposure of the 
Donaghintraine Shales at Donaghintraine Bridge, which is astride the 
boundaries of Ballygilcash and Donaghintraine townlands, this also 
seems unsuitable since not only is Donaghintraine townland almost 
entirely situated on the sandstone outcrop but also Donaghintraine 
promontary features in the sandstone horizon. In place of these un­
published names the beds are hereinafter referred to the Carrowmoran 
Sandstone, after the coastal townland occurring in the centre of the 
outcrop, and the Carricknacusha Shales, after the name of the foreshore 
at their eastern outcrop. The revised stratigraphical correlation 
proposed is set out in figure 1, in which Bowes' names are included in 
small print between brackets.
In the present account attention is confined to the shore section 
exposed in Donaghintraine, Carrowmoran, and Doonycoy townlands, whose 
regional setting and location is indicated in figure 4» A detailed 
lithological account (Plates B & C) combined with a systematic petro- 
graphical analysis (Table 5) o f the strata traced across the core of an 
anticline reveals considerable facies variation in a distance of less 
than two miles; which becomes more apparent with increase in distance 
apart (e.g. Plate B W1 & El, and Plate C & E4), The palaeogeographical 
conclusions deduced from this data is summarised in figure 3. A section 
through deltaic beds showing oscillating conditions with varying
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Table 3» Petrograpihical analysis of the Carrowmoran Sandstone derived from 
the regular sampling at five feet intervals in both limbs of the anti­
cline. Facies boundaries are shaded as in figure 3. 1 = silty sandstone, 
2 = sandy s ^ e ,  3 = ^elly sandy shale, 4 » shelly calcareous shale,
^ » sandy siltstone, 6 = shelly limestone, 7 = altered micrite, 8 =
^  y 0» 9 =* oolite, 10 a sandy limestone, 11 = calcsireous arkose, 
12 a arkose.
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migrations of sand tongues is postulated. There are three apparent 
major prograding phases marked by the terrestrially colonised horizons 
in the eastern limb. Towards the top the succeeding marine phase is 
heralded by the development of the off-shore clear-water facies «
ii. Method of Study and Description
The results of an inch by inch field examination are presented 
graphically in Plates B and C. The oldest beds outcrop in the centre 
of the shore section at Portmore which thus corresponds with the crest 
of a gentle anticline. In Plates B and C the adjacent columns represent 
the successions shown in the two limbs of the anticline. The columns 
should be read in ascension from right to left. In each pair of columns 
the right hand column represents the eastern succession (e.g. El, E2 etc.) 
and the left the western (e.g. Wl, W2 etc.).
Regular sampling of the beds at five feet intervals, from which the 
petrographical analysis in Table 3 resulted, generally supports the 
palaeogeographical conclusions which are shown in summarised form in 
figure 3* In detail, however, the same lithology may be seen to occur 
in more than one sedimentary association (Table 3) thus necessitating 
the study of the entire assemblage.
In describing the varying rates of sedimentation within a deltaic 
complex Scruton (I96O, pp.88-91) notes the decline in sedimentational 
rate seawards from the distributary mouths. Accordingly it may be 
suggested that the Carrowmoran Sandstone represents the marginal region 
of deltaic sedimentation during 8^ times.
Plate 30. Penecontemporaneous deformation of cross bedded sandstones 
whose upper limit is marked by a plane of erosion separating them 
from the overlying silt stones. Deltaic facies at Polbrean, 
Carrowmacrory townland. Scale: key is two inches long.
Plate 31. A washout striking East - West in the deltaic facies at 
Carricknagrauv, Doonycoy townland. Scale: hammer shaft is 
thirteen inches long.
fPlate 32. A sandstone steinkem of a tree bole in situ surrounded 
by a foliage rich shale in the deltaic facies at Portmore, 
Carrowmoran townland. Scale: coin is one inch in diameter.
A V
j  metres 
feet
SCALE
Figure 5* Plan of relict lepidodendrid roots in carbonaceous 
sandstone which would appear to be in situ in terrestrially 
colonised deltaic sediments west of Polbrean, Carrowmoran 
townland.
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A. DEIITAIC
(i) Field relationships: These beds consist of frequently cross
stratified, channelled (Plates ^0 & 51) and slump-bedded sandstones, 
generally of fine to medium grain size but with occasional coarser 
spreads with indistinct bedding. This association resembles Taylor* s 
on-delta facies (1965, p.18) in that it consists of products of a wide 
range of sub-environments; from clays, siltstones, crevasse sandstones 
and a variety of channel infillings; which would suggest by comparison 
with Allen*s descriptions that these were probably deposited at a depth 
of less than 4*5 fathoms.
At three horizons on the eastern limb evidence of colonisation by 
land plants is seen alternatively suggesting the migration of distri­
butaries away from these places or changes in sea level. East of 
Portmore two slightly crushed lepidodendrid steinkerns of sandstone 
with a thin carbonaceous sheath having leaf scars are seen. The 
specimens measure respectively 10 inches high with sub-ellipsoidal 
diameter ranging from 12 to 14 inches, and 17 inches high with ellipsoidal 
diameter ranging from 6 to 17 inches. The former is illustrated in 
Plate 52. The surrounding shale yields an abundance of foliage. East 
of Polbrean the original root pattern of a lepidodendrid can be dis­
cerned in discontinuous stigmarian lengths whose plan is shown in figure 
5. The matrix of the roots is ramified by carbonaceous remains sug­
gestive of rootlets at the top of a sandy delta tongue. By analogy 
other stigmaria are regarded as in situ. There are also other randomly 
orientated traces of lycopods reaching several feet in length which are
Plate 53• Concretionary structures in the transitional deltaic peri­
deltaic facies of Donagh Point, Donaghintraine townland* Scale; 
hammer shaft is thirteen inches long.
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interpreted as drift wood; these latter are doubtless the specimens 
to which Bowes refers.
(ii) Petrography: The deltaic beds can be divided into two groups
of arkosic sandstones on the degree of compaction and carbonate content, 
though in all other respects they are very similar. The carbonate 
cemented arkoses are loosely compacted with varying amount of carbonate 
cement, dominantly of sparite occupying 20-60 per cent of the rock, with 
accessory clay minerals probably resulting from the break down of feld­
spars in situ. The detritus is generally poorly sorted angular material 
with a dominance of quartz fragments (60-70 per cent) often showing 
small secondary prismatic growths around the margins; subsidiary amounts 
of slightly less angular orthoclase, plagioclase and microcline are 
present in order of decreasing importance. Rare sub angular rock 
fragments of metaquartzites somewhat larger than the usual grain size 
are present. Accessory biotite is frequently more abundant than musco­
vite, The fauna is generally scant or absent but relict fragments of 
bryozoa, foraminifera, crinoid ossicles, echinoid spines, Koninckopora, 
and entire as well as fragmental ostracods may be found. Rarely abraided 
oolitic coated mineral grains or crinoid ossicles are present.
The noncalcareous arkoses have generally less than ten per cent 
cement, being well compacted with little carbonate infill and more clay 
mineral cement. Bedding is not commonly distinct unless the rock is 
unusually rich in mica. The detrital components show no overall difference 
from those of the calcareous arkose save being devoid of fossils.
At Donagh Point (Plate 55) concretionary structures varying in size
Plate 54# An unusual instance of worn ripples transecting vertical 
plant stems in the perideltaic facies at Polbrean, Carrowmacrory 
townland. Scale: key is two inches long.
Plate 35. Trails superposed on ripple marks in the perideltaic facies 
at Polbrean, Carrowmacrory townland* Scale: hammer shaft is 
thirteen inches long.
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from 6 to 24 inches in diameter are present. In section there is some 
suggestion that the concretions may result from an initial difference, 
since they contain a calcareous fauna of ostracods, crinoid ossicles, 
Koninckopora, and in one instance an echinoid plate which is not found 
in the matrix. The matrix by contrast is well compacted and devoid of 
carbonate cement or fauna. It may alternatively be argued that this is 
the result of carbonate enrichment of the concretion leaching the 
carbonate from the surrounding material and increasing the carbonate 
cement filled area of the core.
B, PERIDEITAIC
These sediments are generally thinly bedded sandy to silty, some­
times calcareous shaly beds, with occasional shelly limestone ringers. 
Ripple marks often with eroded crests (Plates 34 & 55)> and trace 
fossils (plate 54) notably Chondrites and Fucusopsis are abundant.
Petrographically these may contain between 30 and 60 per cent 
detrital material, dominantly of fine grained angular quartz grains 
often with iron coated margins; bedding is variably developed, in 
places emphasised by carbonaceous films. The interstitial material 
consists chiefly of calcareous, brownish, often clouded, weakly bi­
réfringent clay with a variable amount of accessory mica and iron ore. 
The fauna is generally scant or absent, when present consisting of 
fragmental ostracods, sponge spicules and serpulids; the last mentioned 
frequently show iron concentrations around the peripheries. These beds 
may be compared with the delta slope and delta front associations of 
Taylor (1965, p.18) which are descrihed as chiefly silty clays with
Plate 56. ’Ripples* in micrite of the off-shore mud-zone facies at 
Polinadiwa, Donaghintraine townland* This unique feature has a 
comparatively wide wave length, low amplitude and very sharp, 
narrow crests. Scale: coin is one inch in diameter.
Plate 37* Essentially a planispiral gastropod accumulate of the 
off-shore mud-zone facies at Portmore, Carrowmoran townland. 
Scale: coin is one inch in diameter.
\i W -  f
Plate 38. Mixed orthocone and gastropod accumulate in the
calcareous mudstone of the off-shore mud-zone facies at Port- 
more, Carrowmoran townland. The parallel orientation of the 
orthocones suggests a certain degree of current winnowing. 
Scale: coin is one inch in diameter.
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subordinate sandstones with festoon bedding, and fine grained sand­
stone and coarse siltstones with channelling and rootlet beds res­
pectively. Comparison with Allen (I964, p.31) would suggest that 
these beds were deposited at a depth of 4 to 10 fathoms.
G. OFF-SHORE MUD-ZOHE
These beds are generally thinly bedded calcareous shales, rarely 
being sedimentary structures (Plate 36), often with a prolific poorly 
preserved fauna restricted to thin planes. Abundant trace fossils 
are present, notably Rhizocorallum, Teichichnus and Chondrites ; of 
which the last named is also common to the Perideltaic association.
The fauna is dominated by lamellibranchs, small fusiform and helically 
spired gastropods, orthocones and ostracods illustrated in Plates 37 
and 38.
In thin section these sediments are seen to be distinctly 
laminated consisting of 40 to 60 per cent matrix of mixed carbonate 
and clay minerals with much comminuted shelly material, chiefly derived 
from ostracods, sponge spicules, foraminifera, brachiopods, algal 
material and occasional carbonate pellets. Accessory small angular 
quartz grains and pyrite may be present in varying proportions. Rarely 
entire transported ostracods with micrite infill are seen. These beds 
may be compared with Taylor’s Pro-Delta (I963, p.18) on account of the 
predominance of clays and silts with lamination frequently destroyed 
by burrowing organisms, and occasional ostracod limestones; further 
by comparison with Allen (1964, p.31) would suggest that these beds 
were deposited between 10 and 22 fathoms.
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D. OFF-SHORE CLEAR-WATER ZONE
These heds appear to have been laid down beyond the influence 
of the delta, sensu stricto. They consist of variably cross stratified 
obsparite, obmicrites (Folk 1$62, p.66) and sandy oolites. Petro­
graphically the oolites are seen to be poorly compacted with up to 
50 per cent matrix of sparite and/or micrite. The detrital material 
appears to be derived from four sources:
(i) poorly sorted angular quartz (60fo), orthoclase (30^) and 
plagioclase (10^)
(ii) well sorted and rounded somewhat larger quartz and meta- 
quartzite fragments
(iii) organic detritus without oolitic sheaths, dominated by 
crinoid debris
(iv) oolitic material that may be divided into two generations.
Some ooliths show two oolitic coatings of which the interior is often 
clouded, while the exterior is clear, while others show a thinner 
oolitic coating of external type only. Occasional broken ooliths are 
present. The nuclei of the ooliths may consist of foraminifera, 
bryozoan fragments, echinoid spines, unidentifiable shell fragments, 
Koninckopora, micrite or carbonate crystals. Diagenetic quartz and 
feldspar are seen sporadically cutting across ooliths.
Rarely shelly limestone resembling that of the perideltaic 
association is to be seen, containing up to 40 per cent sparite matrix 
with variable proportions of quartz grains, crinoid debris, entire 
and fragmental ostracods and even fusiform gastropods. Accessory iron 
ore and some stylolitic development are seen.
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Figure 6# Cross stratification patterns in the Carrowmoran Sandstone des­
cribed in terms of Allen's classification. Pair 1 is the oldest, and 
pair 4 the youngest. W1-W4 represents the western limb of the anticline, 
E1-E4 the eastern.
1 a large scale structures; s = small scale structures.
I a solitary sets, mostly large sceile, bounded by plane or iiyeguleir 
surfaces. Probably due to the migrations, under water or wind action, of 
solitary banks with curving or linear fronts that in most cases are slip 
off faces. Ill a grouped sets, either small- or large-scale. Probably 
due to the migration of trains of different forms of small— or large- 
scale asymmetrical ripple marks, depending on the size and shape of the 
sets forming the coset.
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ill. Cross stratification styles
The four main sandstone tongues from deltaic, transitional 
deltaic-perideltaic, perideltaic and off-shore clear-water associations 
are described (fig. 6) in terms of Allen's (I963, p.12) preliminary 
genetical classification. Insufficient work has been published on this 
basis to prove whether or not Allen's hypotheses are tenable. Accor­
dingly an attempt has been made to utilise his scheme in relation to a 
well exposed outcrop where there is ample other evidence for the recon­
struction of the environment.
The majority of tongues would appear to belong to Group III 
(grouped sets of large and small scale structures), which are attributed 
to the migration of different forms of large and small scale asymmetrical 
ripple marks.
At only one horizon in either limb at approximately similar level 
(W2 transitional deltaic-perideltaic, and 22 deltaic) are solitary sets 
present. These may be attributed to the migration of a solitary sand 
bank which might represent the beach ridge of Allen's (1964) classifi­
cation. A superficial study of these outcrops would suggest unstable 
conditions in which cross bedded sediments were laid down in a quick 
sand environment followed by peneconteraporaceous slumping.
In tracing the sand tongues through their length up the shore the 
style of cross stratification is seen to change. Pi type is seen 
passing downstream into omikron type (W5 perideltaic & E4 transitional 
deltaic-perideltaic) as well as vice versa (Wl transitional deltaic- 
Perideltaic & El deltaic). Only at E2 (deltaic) are solitary sets 
seen giving way to grouped sets downstream. In the off-shore clear-
1 0 -1 5
15- 20
2 0 -2 5
25 30
30 - 35 ^
40 -45
4 5 - 5 0
Figure 7* Stereographical projections of 100 poles to foresets in 
cross bedded sandstone tongues of Carrowmoran Sandstone sugges­
ting transport from a northerly source. 1 - 3 iû ascending order 
in the western limb of the anticline, 4 - 6 in ascending order 
in the eastern limb.
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water facies of Carrickphatrick cross bedding style is seen to change
downstream from kappa to omikron (W4) indicating a change from
migrating small to large trains of irregular ripples.
The omikron cross bedding is ubiquitous in deltaic, transitional 
deltaic-perideltaic, perideltaic, and off-shore clear-water associations. 
Pi and xi cross bedding occur in transitional deltaic-perideltaic, 
perideltaic, and deltaic environments. Lamda and nu styles are restricted 
to the deltaic association, while kappa is only found in the off-shore 
clear-water facies.
Current directions are interpreted from the stereograms in 
figure 7 for three horizons on either side of the axis showing little
variation in direction from KN¥ or N.
d. County Donegal.
i. Introduction
The Lower Carboniferous Conglomerates, Sandstones and Shales of 
Donegal were first described by Mitchell (in Hull, Kilroe & Mitchell,
1891, pp.42-44). George and Oswald (1957) in correlating these beds 
with the arenaceous facies of the Ballyshannon Limestone Group ascribe 
these outcrops to George and Oswald (ibid, pp.l41, 145-148, 151-
152 and 154) enlarge upon their description and interpret (ibid, 
pp.165-167, 170-172) a deltaic environment fringing on uplands possibly 
extending into Co. Mayo. The coastal belt with steep litoral slope 
is described as acting as a hinge associated with the periodic uplift 
of the hinterland which supplied the detritus for the accompanying 
sagging basin of deposition. The significance of the overlap described
TABLE 4
PETROGRAPHICAL ANALYSIS OF THE SHALWV 
BEDS OF THE WESTERN LIMB OF THE L AR G V -  
MORE SVNCLINE, Co. DONEGAL.
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Table 4. A petrographical analysis of the Shalwy Beds of the 
western limb of the Largymore sync line derived from regular 
sampling at five feet intervals. Facies boundaries as in 
figure 3* OD = on-delta, DFP =s delta front platform,
DS = delta slope, PD = pro-delta.
Lithology: 1 = medium grained quartzite devoid of 
pore space, 2 = Quartzite with predepositional cracking,
3 = Arkose with 3-10# carbonate matrix, 4 » Arkose,
5 = Calcareous arkose, 6 = calcareous sandstone, 7 = 
Haematitic sandstone, 8 = Sandy sparite, 9 = Recrystallised 
rhomboidal carbonate, 10 = oolite, 11 = sandy oolite,
12 = altered micrite, 13 = sandy micrite, l4 = shelly 
limestone, 15 = sandy siltstone, l6 = shelly calcareous 
shale, 17 = bioclastic siltstone, l8 = sandy shale,
19 = silty sandstone.
Biota: 1 = Koninckopora. 2 = simple unicellular 
foraminifera, 3 = multichambered foraminifera, 4 = 
serpulids, 5 = fenestellids, 6 = trepostomes, 7 = entire 
ostracods, 8 = freigmental ostracods, 9 = brachiopods,
10 = fusiform gastropods, 11 = depressed gastropods,
12 = undifferentiated shell, 13 = undifferentiated 
echinoderm plates, l4 = crinoid ossicles, 15 = echinoid 
plates, l6 = hclothurian plates.
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by George and Oswald (ibid, p.154) between Bruckless and Largymore, 
where 450 and 2,600 feet of sediment are recorded respectively, is 
suggested by Pitcher et al. (I964) to result, in part, from the con­
temporaneous movement of the Leannan fault-zone*
In the present account attention is confined to the shore section 
exposed in the Largymore Sync line and McSwyne's Bay whose location is 
shown in Plate A. A detailed lithological account (Plate D) of the 
western limb of the Largymore Syncline and McSwyne’s Bay successions 
combined with a systematic petrographical analysis (Table 4) of the 
western limb of the former reveal detailed facies variations within 
a deltaic environment which appear to be compatible with the hypothesis 
of Pitcher et al. (ibid).
The palaeogeographical conclusions deduced from these data are 
summarised in figure 8. A section through deltaic beds showing 
oscillating conditions, in which there is a tendency for terrestrial 
conditions to be replaced by marine, is inferred. At first the western 
region (Largymore) was a positive area while deposition was taking place 
to the east of McSwyne’s Bay, during which eight phases of marine trans­
gression and eight of regression can be traced. At the fifth trans- 
gressive phase in the eastern limb the first of the deltaic phases of 
the western limb was simultaneously developed. Subsequent to the sub­
mergence of the Largymore area a further series of transgressions and 
regressions can be traced culminating in a marine transgression. This 
last marine transgression heralded the uniform marine conditions of 
the Rinn Point Beds.
Plate 39* A mud pellet breccia developed in the on-delta facies in 
the upper part of the Bruckless succession of McSwyne’s Bay. The 
green and black mud pellets are set in a coarse, sandy matrix 
containing numerous pebbles of vein quartz. Scale: coin is one 
inch in diameter.
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ii. Method of Study and Description
The approach is basically the same as that utilised in the study 
of the Carrowmoran Sandstone in Co. Sligo. In order to compare the 
sediments of the Largymore syncline with the Bruckless succession 
whose outcrops are not contiguous, the sequences were first compared 
at their upper limits, where the Rinn Point Beds transgress both areas, 
and extrapolation is continued from thence downwards. This may not be 
as accurate as the Carrowmoran correlation but is the only procedure 
possible since the base of the succession is cut by faulting at Bruckless.
The results of an inch by inch field examination of the western limb 
of the Largymore syncline and the Bruckless succession are presented 
graphically in Plate D. The adjacent columns in these figures represent 
the successions present in these two localities. The columns should be 
read in ascension from right to left. In each pair of columns the right 
hand column represents the Bruckless (eastern; e.g. El & E2) and the 
left the Largymore (western; e.g. Wl & ¥2).
Regular sampling of the beds at vertical intervals of five feet for 
petrographical analysis, from which Table 4 resulted, was restricted to 
the western limb of the Largymore syncline where the most complete 
succession can be found.
A. DELTAIC
(i) Field relationships: These beds are frequently cross bedded,
channelled, well compacted, medium to coarse grained quartzites and 
felspathic quartzites practically devoid of slumping. Bedding tends to 
be indistinct. Discontinuous mud pellet horizons (Plate 59), charac-
Plate 40. The relict in situ development of Stigmaria radiating from 
an eroded lepidodendrid that grew to the right of the field of view 
is seen in the Lower Shalwy Beds at Shalwy. Scale: hammer shaft 
is thirteen inches long.
Plate 4l. Close-up of a thin rubbly micrite development which resembles 
a comstone. Lower Shalwy Beds at Shalwy. Scale: coin is one inch 
in diameter.
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teristic of sporadic flooding of the hinterland, are frequently 
members of the succession particularly in the Bruckless sequence.
The mud pellets vary in their composition and dimensions but are 
invariably set in a matrix of the coarser grained fraction of the 
sandstone.
Occasionally distinct lepidodendrid roots are found in situ 
(Plate 40), but more commonly drift wood or indistinct relict root 
patterns reminiscent of those illustrated near Polbrean (fig. 5) are 
recorded. The presence of abundant stigmarian lengths, whose in situ 
origin could conceivably be debated, is particularly common in the 
upper part of the Bruckless sequence.
One unusual knobbly horizon at Shalwy (Plate 4I) is interpreted 
as a cornstone. This is a conspicuously light coloured band tapering 
from twenty to six inches from south to north in a distance of some 
twentyfive feet. The matrix consists of a light grey, calcareous, 
micaceous siltstone in which an abundance of irregularly shaped, dark 
grey, calcilutite nodules are set. The nodules vary considerably in 
their dimensions ranging from a maximum of three to ten inches. In 
the upper part of this bed faint evidence of subvertical, carbonaceous, 
presumably plant roots may be discerned.
The biota is notably sparse. Excluding the presence of the 
lepidodendrids the only other evidence of life is recorded by the 
occasional presence of giganteid burrows (p.i06).
(ii) Petrography: There is a dominance of medium grained, well
compacted, quartzite devoid of pore space. The degree of sorting
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varies, with the fairly well sorted types predominating. The homo­
geneity and constancy of the degree of rounding (subangular to angular) 
are conspicuous. Quartz grains, frequently strained, form the most 
important individual constituent though large metaquartzite fragments 
are important. Accessory, large, single crystals of orthoclase, small 
biotites and muscovites also occur; but the absence of plagioclase is 
conspicuous. Occasionally finely crystalline iron ore is present.
Quartzites containing grains with evidence of predepositional 
cracking are present. These are generally well sorted, and the com­
ponents of quartz and quartzite angular; otherwise little distinction 
can be made between this group and the other quartzites.
Another group of quartzites which may be distinguished on account of 
the presence of pore space is also found. These are fairly well sorted, 
composed of angular to subangular quartz and quartzite fragments. Thus 
in all other respects they resemble the other quartzites.
Common to all the above mentioned lithologies is the occurrence of 
better rounded, large, single orthoclase crystals in a more angular, 
finer grained, sandy matrix in which crystal overgrowth is a conimon 
phenomenon.
B. TRANSITIONAL DELTAIC AND PERIDELTAIC
(i) Field relationships: In this district Taylor’s classification
(ibid) seems fairly readily applicable; nevertheless in Table 4 and 
figure 8 both the terminology herein adopted and Taylor’s are superposed.
The delta-front platform deposits consist of laminated sandstones 
and siltstones with mud pellet breccias and occasional horizons rich in
%Plate 42. Repetitive alternations of halts and influxes in sedimen- 
tational history are reflected by the three levels of Chondrites 
Sternberg in the Lower Shalwy Beds of Muckros Head. One vertical 
element can be traced passing from an overlying horizon to di­
chotomise laterally on a lower plane. Scale: coin is one inch 
in diameter.
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grass-like rootlets. Trace fossils are surprisingly varied and 
prolific (pp. . There is some evidence of their repetitive
na.ture suggesting periodic halts in sedimentation alternating with 
times of rapid sedimentation (Plate 42).
The delta slope deposits are somewhat sandier with less well 
developed sedimentary structures than those described by Taylor 
(1963, p.18) comprising alternations of siltstones and sandstones.
(ii) Petrography: Petrographically the two facies are difficult
to distinguish.
The quartzites and sandy siltstones of the delta-front platform 
are equally prolific forming the dominant lithology, yet a variety 
of other lithologies also occur.
Of the quartzites well sorted, generally well compacted, angular, 
medium to fine grained, quartzites predominate. These show much over­
growth of crystal boundaries resulting from pressure solution, com­
prising a majority of quartz grains, occasional metaquartzite fragments, 
with more feldspar than any of the other deltaic sediments of Donegal.
Of the feldspar orthoclase still predominates though andesine and 
anorthite also occur. Accessory muscovite, biotite and iron ore are 
found in order of decreasing importance. Rarely a specimen composed 
of well compacted quartzite with predepositional cracking of the com­
ponent grains is recorded. Likewise an occasional specimen with a 
poorly developed sparite matrix, occupying less than ten per cent pore 
space, is present. These last named comprise well sorted, well compacted, 
medium grained, angular quartzite with considerable overgrowth of grain
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boundaries; though quartz is the dominant component bytownite and 
andesine are also recorded.
Sandstone containing up to twenty per cent sparite filled pore 
space, sandy siltstones and silty sandstones are the next most common 
rock types. The first named is generally composed of well sorted, 
medium to fine grained, angular to subangular quartz grains which 
frequently show overgrowths of grain boundaries. Accessory small mus­
covites and granular iron ore are present also, the latter in places 
becoming a significant welding agent.
The sandy siltstones are well bedded, not very well sorted sediments 
with a variable carbonate-clay mineral content. In some specimens between 
sixty and seventy per cent of the rock is composed of clay minerals and 
finely crystalline carbonate. The sand is fine grained and angular, 
dominantly of quartz with accessory bytownite and zoned orthoclase. The 
scant comminuted biota consists of crinoid debris, often showing evidence 
of algal boring, undifferentiated echinoderm fragments, ostracods and a 
single tour nay el lid.
The sandy siltstones are fairly well sorted with occasional angular 
quartz and andesine grains, having a variable development of granular 
iron ore. Of the clay mineral content the only recognisable portion is 
the minute muscovite laths.
The sediments of the delta slope are once more dominated by the 
well compacted quartzites. These tend to be fine to medium grained, well 
sorted, angular quartz dominated sediments in which accessory muscovite 
a-nd granular haematite periodically reach significant proportions. Both 
the pressure solution induced overgrowth of grain boundaries and the iron
Plate 43. A conspicuous, sandy, algal limestone band showing concentric 
algal depressions in the Upper Shalwy Beds of Shalwy# Scale: coin 
is one inch in diameter#
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ore are frequent welding agents. Only one specimen may be distinguished 
by its sparite filled voids.
Next in importance are the calcareous sandstones. These are 
fairly well sorted, angular, medium to fine grained, quartz dominated 
sandstones with a sparite matrix which occupies anything from five to 
fifty per cent of the rock. Accessory mica and feldspar is recorded, 
while granular haematite, often replacing shell structures, at times 
is seen obscuring the initial sedimentary texture as though emanating 
from the matrix. The biota is scant comprising occasional disarticu­
lated, ferruginous ostracod valves and unrecognisable, comminuted 
shell detritus.
One conspicuously haematitic sandstone is present in which the 
iron ore obliterates the initial texture. The specimen appears to 
have originated as shelly, fine grained sandy rock comprising angular 
quartz and feldspar grains and a biota of crinoids, Koninckopora, ostra­
cods, brachiopods, fenestellids and gastropods.
C. OFF-SHORE MUD-ZONE OR PRO DELTA
(i) Field relationships: These sediments are developed best in the 
Shalwy succession comprising a variety of calcareous siltstones and 
shales with limestones having a variably developed biota which increases 
in importance as the sequence is ascended. One conspicuous (Plate 43) 
and a few less obvious algal bands are present in a sandy micrite matrix. 
Otherwise the fauna is dominantly composed of syringoporids, davisiellids, 
and sponge cones; these seem most prolific in the micrite ringers. 
Bioturbation, in the form of rodding, is not uncommon.
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(ii) Petrography: Sandy siltstones predominate in which a variable
carbonate content, ranging up to almost a wackestone (Dunham, 1962) 
texture, is evident. Clay minerals generally are dominant containing 
an irregular quantity of fine grained sand and a usually insignificant 
detrital fauna. The chief detrital components are much battered crinoid 
ossicles, undifferentiated echinoderm, fenestellids, ostracods, brachio­
pods, trepostomes and serpulids in declining order of importance.
Sandy sparites, sandy micrites and entirely recrystalline coarse 
rhomboidal carbonate rocks share the next most important position. The 
sandy sparites consist of poorly sorted, variably rounded, and angular 
quartz, quartzite, feldspar grains, and intraclasts of sandy micrite 
set in a sparite matrix, with occasional pseudo-oolithic coatings. The 
biota is not well developed comprising fenestellid, crinoid and echinoid 
fragments. The sandy micrites are difficult to interpret on account of 
the uniform almost amorphous texture in which only fine, angular quartz 
grains, crinoid and ostracod fragments can be discerned. In the coarse 
grained, rhomboidal carbonate sections all trace of the initial texture 
is lost.
Rarely, well sorted, well compacted, angular, fine to medium grained 
quartzites with occasional orthoclase, microcline and andesine crystals, 
accessory laths of mica and granules of iron ore are found.
One specimen of each of the following lithologies is recorded.
A shelly siltstone containing a variable content, ten to eighty per cent, 
of fine, angular quartz and clay minerals, with crinoid, echinoid.
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fenestellid, ostracod and a single foraminiferan fragment; A fine 
grained, angular, well sorted, loosely compacted haematite cemented 
quartzite; and a coarse grained, poorly sorted, loosely compacted, 
calcareous sandstone with abundant angular quartz and altered feld­
spar often containing predepositional brittle structures. Occasional 
fairly well rounded, large metaquartzite fragments, and grains with 
incipient oolitic coatings, sandy micrite intraclasts, crinoid and echinoid 
debris, and accessory iron ore are also recorded in the last named rock 
type.
e. Palaeoenvironmental Conclusions.
That the palaeogeographical conclusions must rest on a revised 
stratigraphical correlation is inevitable. Details of this revision 
and a gross palaeogeographical synthesis are recorded hereafter; mean­
while an interim report on the conditions of deposition prevailing in 
counties Sligo and Donegal is presented.
1, County Sligo
The Carrowmoran Sandstone is attributed to the Mullaghmore - 
Kildoney - MountCharles - Clonelly Sandstone (approximately S^) phase.
The evidence of reconstructed lycopod root systems indicates that 
periodically terrestrial conditions were established in the eastern 
limb of the anticline about Carrowmoran and Doonycoy townlands, while 
the western limb only contains drift wood. The extrapolated total 
thickness is remarkably similar in both limbs. The generally finer 
grained gross lithology of the eastern limb might be expected to suffer 
greater compaction than the western limb, thus possibly suggesting a
FIG. 9
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Figure 9* Rose diagram of 100 foreset readings in cross bedded 
sandstone tongues suggesting transport from a northerly source 
1 - 3 in ascending order in the western limb of the anticline, 
4 - 6 in ascending order in the eastern limb.
Table 5
Carrowmoran Sandstone ostracod assemblages:-
Acratia 
Acratia sp.
♦Beyrichiopsis fimbriata Jones & Kirkby 
Beyrichiopsis subdentata Jones & Kirkby 
Carbonita fabulina (Jones & Kirkby)
Carbonita [Argiiloecia] sp.
Cavellina subpulchella Coryell 
Cavellina cf longula 
Cavellina longula Cooper 
Cavellina sp.
Geisina sp.
Glyptopleura plicata (Jones & Kirkby)
♦Glyptopleura costata (McCoy)
Glyptopleura sp. nov.
* 'Glyptopleura' ' spiralAs (Jones & Kirkby)
Jonesina fustigiata (Jones & Kirkby)
Knoxiella sp.
Monoceratina cf antiquus (Jones & Kirkby)
"^eokloedenella"
*New genus
Paraparchites inornatus (McCoy)
Paraparchites sp.
P_s_eudobythocypris cuneola (Jones & Kirkby)
*Sulcella affiliata (Jones & Kirkby)
Sulcella sp.
A,B,C,D & E refer to positions of the samples in Plat es B & C. 
A is a marine fauna.
G is brackish.
D is somewhat brackish.
E is slightly brackish.
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TABLE 6
COMPARATIVE PETROGRAPHICAL ANALYSIS OF THE 
SHALWV BEDS AND THE CARROWMORAN BEDS.
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Table 6. Comparative petrographical analysis of the Shalwy 
Beds and the Carrowmoran Sandstone. The succession from 
the western limb of the Dromore West anticline is con­
trasted with the Shalwy Beds by plotting the sequence in 
descending order from beneath the overlying calcareous 
beds at both localities.
Lithology: 1 = medium grained quartzite devoid of
pore space, 2 = quartzite with predepositional cracking,
3 = arkose with 3-lQ# carbonate matrix, 4 = arkose,
5 = calcareous arkose, 6 = calcareous sandstone, 7 = 
haematitic sandstone, 8 = sandy sparite, 9 = recrystallised 
rhomboidal carbonate, 10 = oolite, 11 = sandy oolite,
12 = altered micrite, 13 = sandy micrite, l4 = shelly 
limestone, 15 = sandy siltstone, l6 = shelly calcareous 
shale, 17 = bioclastic siltstone, l8 = sandy shale,
19 = silty sandstone.
Biota: 1 = Koninckopora, 2 = simple unicellular
foraminifera, 3 = multichambered foraminifera, 4 = 
serpulids, 5 = fenestellids, 6 = trepostomes, 7 = entire 
ostracods, 8 = fragmental ostracods, 9 = brachiopods,
10 = fusiform gastropods, 11 = depressed gastropods,
12 = undifferentiated shell, 13 = undifferentiated 
echinoderm plates, l4 = crinoid ossicles, 15 = echinoid 
plates, l6 = holothurian plates.
FIG. 10
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Figure 10. Current directions in the Carrowmoran Sandstone. The two 
columns represent the western and eastern successions as shown 
in figure J. The numbers on the columns correspond with those 
plotting the positions of the directional data on the circles.
The inner circle represents readings from the western limb, the 
outer from the eastern. Ch » channel, F = flute cast, FT * 
foresets thin towards, MR = mega ripples, R » ripples, Rt = 
truncated ripples.
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somewhat restricted supply of sand resulting from the establishment 
of a terrestrial environment in the latter.
Throughout the succession there is ample evidence of the migration 
of distributaries (marked T & R for transgression and regression res­
pectively in fig. 3) j indicated by the alternation of marine suid terres­
trial deposits, together with marine and brackish ostracod faunas 
(Table 3), penecontemporaneous erosion, and extensive slumping parti­
cularly in the eastern limb.
The lithologies, fauna, flora and sedimentary structures are sug­
gestive of these beds being laid down on a delta rather than an alluvial 
plain (Vischer, I965) in which periodic quiescence allowed the coloni­
sation of tongues of sand by a land flora. The general thinning of 
sand tongues towards the south, accompanied by current directions sug­
gested by figure 9 and the orientation of organic debris and sedimentary 
structures (fig. 10), and an increase in slumping towards the north would 
all indicate a northerly source. Comparison with the Mullaghmore - 
Kildoney successions would suggest that the centre of the delta building 
was to the east of this area.
ii. County Donegal
The Shalwy and Bruckless successions are indubitably basal members of 
the Carboniferous. These have previously been ascribed to the arenaceous 
facies of the Ballyshannon Limestone Group to which an approximate 
age has been given. Though there are lithological contrasts (Table 6) 
with the Carrowmoran Sandstone the gross assemblage may be compared. 
Accordingly it is inferred that deltaic conditions were prevalent. The
FIG. 11
BLOCK DIAGRAM OF A SIMPLIFIED HYPOTHETICAL DELTA SHOWING THE 
SPATIAL DISTRIBUTION OF THE SLIGO AND DONEGAL SUCCESSIONS.
LAND
Donegal succession 
Sligo succession 
plane of section
DELTA
deltaic periphery
OPEN SEA
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ciii©f bstween th©s© ooimtiGs lies in the location of* the
sections in relation to the delta complex* Thus in figure 11, a block 
diagram of a section through a simplified, hypothetical delta is 
given, in which the approximate planes of the successions heretofore 
described are indicated. By ascribing the Sligo succession to the 
marginal region, and the Donegal succession to a tangential section 
through the median portion of a delta the problems posed by the dis­
crepancies in thickness and lithology are surmounted.
As in Sligo, throughout the succession there is ample evidence of 
the migration of distributaries (fig. 8) indicated by the alternation 
of marine and terrestrial deposits and penecontemporaneous erosion. The 
biota is not prolific but its components are indicative of a near land 
origin. Plant material is particularly abundant; ostracods predominate 
over foraminifera, the latter being extremely rare; echinoid fragments 
are almost as numerous as the highly transported and often algal bored 
crinoid ossicles. In addition to this the sporadic appearance of iron 
ore granules, which sometimes occupy a significant portion of the rock, 
are conspicuous. That terrestrial conditions were established periodi­
cally is witnessed by the presence of relict lycopod root systems.
The probable centre of the deltaic complex is hard to detect. 
George & Oswald (195?) contemplate an extensive deltaic system possibly 
reaching from Co, Donegal to Co. Derry. The occurrence of great thick­
nesses of this arenaceous facies to the east of these coastal outcrops 
is recorded by them. In north Co. Mayo Bowes (ibid) describes 430 feet 
of basal Minnaun Sandstone succeeded by 870 feet of the Downpatrick
LARGYMORE 5VNCLINE 
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Limestone. Hereafter the former is correlated with the Lower Shalwy 
Beds, and the latter in part with the Upper Shalwy Beds. This hears 
little resemblance with the thicknesses of circa 4OO and 2600 feet 
for the Shalwy and Bruekless sequences respectively, recorded by George 
and Oswald (ibid).
One conspicuous band is found in both the Upper Shalwy Beds (George 
& Oswald 1957> p.153) and the Downpatrick Limestone (personal communi­
cation, Dr. G.E. Bowes). This consists of carbonaceous shales and dark 
sandy micrites with small brachiopods, algae, and chips and twigs no 
more than a couple of inches long of carbonised wood. It is tempting 
to surmise forest fires sweeping across the hinterland, but there is no 
evidence of their contemporaneity.
In Donegal the variation in thickness is attributed to a westward 
overlap across the probably active Leannan fault-zone. Current directions 
in cross bedded sandstones (fig. 12) suggest a westerly source of the 
Shalwy sediments, and a northerly to northwesterly source of the Bruck- 
less sediments. The vertical change from a northerly to a more westerly 
direction in the Bruekless area is compatible with this hypothesis. In 
figure 13 which gives the stereographic projection of poles to foresets 
in cross bedded sandstones in conjunction with the orientation of other 
sedimentary structures and organic material this contrast is less obvious.
A more detailed analysis of current directions (figs. I4 & 15), 
in which the individual readings are recorded in ascending numerical 
order, was attempted. Prom these diagrams it was hoped that certain 
diagnostic trends might be discerned. Other than an apparently
FIG. 16
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ubiquitous vacillation in current direction, which is in accordance 
with the migration of deltaic distributaries, no more conclusive 
evidence could be deduced.
In figure 16 the fruits of a similarly unrewarding attempt to 
elucidate rhythms or cycles in graded sequences is recorded. The 
graded sequences are numbered in ascending order at Shalwy and Bruck- 
less. The main comparisons evident may be related to the facies outlined 
in figure 8.
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III. CARBONATE FACIES
1. INTRODUCTION
The outcrop studied comprises the strata formerly ascribed to 
the Ballyshannon Limestone and its lateral equivalents. The first 
field accounts of these outcrops were published in the nineteenth 
century by the Geological Survey of Ireland. Subsequently, in the 
last decade, the University of Glasgow research school prepared sundry 
accounts of these strata which vary in their profundity. To all the 
accounts specific fossil lists are appended. However scant even the 
briefest account may seem, the reports have all proved invaluable 
groundings for the basis of the following study.
Oswald’s (1952 & 1955) accounts of the Ballyshannon Limestone 
are restricted essentially to a field description. Bowes (1957) con­
centrates on the field description of his Donaghintraine Shale and 
Ballina Limestone (Easky division), but refers to petrographical 
details. George and Oswald (1957) present a much more detailed account 
of the Ballyshannon Limestone Group in Co. Donegal; both the field and 
petrographical descriptions are more elaborate.
The type of study was controlled largely by the nature of the 
exposure. Along the coast there are frequently abundant, desirably 
weathered rock surfaces. Inland, by contrast, exposures are scant on 
account of the variable cover of drift and/or bog. The inland exposure 
generally occurs in quarries where weathering is limited. Hence the 
detailed coastal studies were undertaken first. Only when a familiarity
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with these successions was assured were the more generalised comparisons 
with inland areas made.
The coastal successions selected for detailed study are:-
a. N.B. Co. Sligo: Streedagh Point to Knocklane
Raghly
These outcrops were formerly ascribed to the Ballyshannon Limestone.
b. N.W. Co. Sligo: Easky to Carrickphatrick (Donaghintraine townland)
Bennanea (Donnmadden townland) to Aughris
These outcrops were formerly ascribed to the Donaghintraine 
Shale and Ballina Limestone (Easky division).
c. Co. Donegal: Largymore syncline. Rinn Point Beds.
Muckros Head. Muckros Sandstone.
St. John’s Point. Muckros Sandstone.
Aughrus (Drumacarin townland). Ballyshannon Limestone.
2. METHOD
Wherever a substantial succession could be established in coastal 
exposures a detailed description has been undertaken. An inch by inch 
field description has been prepared, which is presented in graphical 
form. Identification of the biota has almost invariably been restricted 
to family level of classification (p. S3 ).
The beds were sampled systematically at a vertical interval of 
five feet, regardless of the lithology, in preparation for a coordinated 
petrographical study.
Subsequently the specimens collected were prepared for cellulose 
peel analysis of the general textures, and thin section investigation of 
the mineralogy and microbiota. All thin sections were cut perpendicular 
to the bedding, and peels were taken from contiguous polished surfaces.
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The peels were then used as ’negatives’, placed directly in the 
enlarger, and printed at a constant magnification of The ensuing 
negative prints were then comparable and facilitated mass petrography.
The results of these analyses are presented in a synoptic tabular 
form. In an attempt to elucidate the degree of facies control over 
organic components the same data have been presented in two separate 
classifications. The stratigraphical succession is given in one series 
of tables, and in another the same data are regrouped according to 
lithology.
In certain instances where the textures proved problematical, 
notably in the finer grained samples, peels were also prepared parallel 
to the bedding.
The method of peel preparation employed is somewhat crude by com­
parison with the majority of those currently in vogue with carbonate 
research workers. It is, however, particularly well suited to this 
study. Instead of using the thinner grade of cellulose sheet, which 
requires to be mounted on glass to prevent distortion, the thicker (40 ^  ) 
grade was used. This does not need to be mounted. The advantage of this 
is that very large surfaces can be studied with ease. In addition to this, 
the peel can be subjected to a greater magnification on the microscope 
without the glass cover getting in the way of the objective. The shape 
of the specimen is immaterial, since any may be subjected to this pro­
cess and trimmed afterwards, if so desired. The number of the sample 
is readily scratched on to the cellulose sheet with a piece of metal, 
prior to the making of the peel. This can be advantageous in preventing
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confusion where large numbers of deceptively similar specimens are 
being treated.
The thick cellulose peels can be stored conveniently between 
leaves of paper to prevent scratching. Though they tend to curl 
slightly if they are not kept under pressure, this may be rectified by 
careful washing in warm water followed by a cold rinse.
When using cellulose sheet of a thickness of 30 ^  or greater 
acetone was found to be an unsatisfactory solvent, though it gave the 
better results with the thinner sheeting. Above 50 ^  a solution of 
2:1 amyl acetate to n-butyl acetate was used.
Peel preparation technique
i. Cut surfaces were polished on an electric rotary wheel with in­
creasingly fine carborundum until the 600 grade was reached. 
Initially this process was pursued further, finishing with Aloxite, 
but this gave no appreciable improvement in detail and was omitted.
ii. The polished surface was then etched with dilute HCl. The con­
centration of the solution and the duration of the etch necessarily 
varied according to the lithology of the specimen. Generally the 
more pure the carbonate the weaker the ECl required and the shorter 
the period of etching. Rarely 1% ECl, more commonly 2.5^, and 
usually 59S ECl was used. The duration of the etch varied from 15 
to 45 seconds. Here again most specimens gave best results with
5^ ECl for 30 seconds, 
ill. The specimens were washed thoroughly in running tap water, 
iv. Then the specimens were allowed to dry. The temptation to speed up
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this process, by placing the specimens near the bench lan^s, 
was found to be disastrous, since the heating induced rapid 
evaporation of the solvent causing an unnecessary quantity of 
bubbles to form on the peel.
V . The dried etched surfaces were liberally wetted with a solution 
of 2:1 amyl acetate : n-butyl acetate.
vi. The treated surface was lowered, gradually but firmly, on to the
40 ^  cellulose sheet, which had previously been cut to the
required size.
vii. The following day the specimens were pulled off the cellulose sheet.
viii.The peel was allowed to soak in 30^ HCl to remove any adherent 
matrix and subsequently scrubbed with a nail brush under cold 
running water.
ix. The peel, after being dried with a piece of fine cloth, is then
ready for study or storage.
3. CARBONATE CLASSIFICATION
Initially the only carbonate classification known to the author 
was Folk’s (1959) ‘’Practical petrographical classification of lime­
stones” which did not seem wholly appropriate to these sediments. 
Accordingly a methodical attempt to build up an independent classifi­
cation for this group of limestones was made. This was the prime 
reason for the extensive photographic studies previously mentioned 
(p. 46 ). After completing the greater part of this project the memoir 
on the classification of carbonate rocks (I962) became available to 
the author.
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%Plate 44. Photomicrograph of a typical grainstone. 
polarised light, x 112.
Plane
Plate 45* Photomicrograph of a typical packstone
polarised light. % 112.
Plane
Plate 46. Photomicrograph of a typical wackestone C. This type is slightly 
more argillaceous than the standard wackestone cited by Dunham (1962). 
Plane polarised light, x 112.
Plate 4?. Photomicrograph of a typical standard wackestone (wackestone B
of this account). Plane polarised light, x 112.
Plate 48. Photomicrograph of a typical mudstone. Plane polarised 
light. X 112.
Plate 49. Photomicrograph of a typical recrystallised rhomboidal 
carbonate. Plane polarised light. x 112.
Plate 50. Unit I. Typical lithology of the thin bedded shaly lime­
stones at their easternmost exposure on Streedagh townland.
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The result of the author’s studies bore such close similarity to 
Dunham’s (ibid, pp.108-121) ’’Classification of carbonate rocks according 
to depositional texture” that this classification has been adopted. One 
minor amendment has been made. The wackestone group has been subdivided 
into three groups which show varying proportions of mud to grains in a 
mud supported carbonate sediment. Representative samples of the ‘dominant 
lithological groups, to which reference is hereafter made, are illus­
trated in Plates 44 ~ 49#
4. DESCRIPTION OP REGIONAL SUCCESSIONS
a. N.E. Co. Sligo,
i. STREEDAGH POINT TO KNOCKLANE
Resulting from an inch by inch field study the strata have been 
subdivided into eleven lithological units. The outcrops of these units 
are shown on Plate E; for their regional setting reference should be 
made to Plate A. The graphical representation of the field examination 
is given ini Plate P, which is condensed in Plate G, while the petrography 
is summarised in Table 7* Cross reference between these diagrams may be 
made by reference to the lithostratigraphic unit number (l - XI in Plate 
P and Table 7» units X & XI are represented by A & B on Plate E respectively)
A. Unit I. 177’6”
These are thin bedded, shaly limestones (Plate 50) in which carbonate 
and concomitant thickening of bedding, from two to six inches, increase 
in importance as .the sequence is ascended. At the base these are blue- 
black mudstones and shales, while at the top altezmate shale bands and 
micrite ringers mimic the British Lias.
Plate 51* Typical lithology of the lenticular bedded micrites of 
Unit II at Hinnadoolish, Streedagh Point. ScsuLe: hammer shaft 
if thirteen inches long.
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The macrofauna is characteristically preserved in thin, locally 
developed thanatocoenoses in which brachiopods predominate. Pustulids, 
spiriferids, productids, rhipidomellids, small chonetids, athyrids, 
sowerbyellids, schuchertellids and schellwienellids are recorded in 
declining order of importance. Of the corals small zaphrentids and 
auloporids are quite common, the latter frequently encrusting the 
thanatocoenoses. Bryozoa (fenestellids and trepostomes) and crinoids, 
often in a comminuted state, are ubiquitous. Trace fossils, both trails 
and burrows, but notably Chondrites are common. Rare members of the 
fauna which become notable in the upper part of the succession are the 
following corals: caniniids, fasciculate lithostrotiontids, and miche- 
liniids with trilobite pygidia.
Petrographically these are various wackestones in which a predominance 
of sponge spicules over the remaining fauna is evident. The microfauna is 
poor, with a predominance of the non-foraminiferal components. The 
foraminifera are rare in most cases, but occasionally are of significance.
The general lithology with high mud content and low fossil content 
suggest deposition in quiet seas, while the concentration of thanato­
coenoses is evidence of, at least, local currents.
B. Unit II. 67’
The coral limestone group consists of li^t grey, generally irregu­
larly bedded (Plate 51) biomicrite with thin shale partings. The irregu­
lar bedding is reminiscent of the primary structures attributed by 
Newell et al. (1955, pp.47, 80-82) to interstratal flow and differential 
loading, in the Guadalupe back reef of the Lamar formation.
The partially silicified macrofauna, which is described in greater
IPlate 52. Unit II. The selective development of richly fossiliferous 
bedding planes dominated by one form, in this instance caninioids, at 
Streedagh Point. Scale: hsunmer shaft is thirteen inches long.
Plate 53* Unit II. Evidence of calm conditions is found in the preservation 
of occasional crinoid calyses, in this case akongst a thanatocoenosis of 
spiriferids, iinoproductids, fenestellids and trepostomes at Serpent Rock. 
Scale: coin is one inch in diameter.
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detail elsewhere (pp. ), is dominated by a coral - brachiopod
assemblage. Thou^ scattered throughout it is particularly well devel­
oped along certain bedding planes where there is a tendency for one 
form to predominate over all others (Plate 52). The most important 
fossils are the fasciculate lithostrotiontids^, often in situ, caniniids, 
pustulids and linoproductids; with less common cerioid lithostrotiontids. 
The fauna, however, is prolific and varied in its genera thou^ apparently 
not in its species, comprising: caniniids, zaphrentids, clisiophyllids, 
fasciculate lithostrotiontids, auloporids, linoproductids, pustulids, 
productids, orthotetids, leptaenids, spiriferids, rhynchonellids, 
athyrids, fenestellids, trepostomes, trilobite pygidia, fusiform 
gastropods, euomphallids, and crinoids. Evidence for comparatively 
tzranquil conditions may be edeuced from the faunal assemblages which 
are well preserved and little transported (Plate 55).
By contrast to. Unit I, the population of this group is mainly in 
situ or only sli^tly transported. Trace fossils are not readily seen, 
on account of the homogeneity of the sediment, though relict Chondrites 
and U tubes may be discerned.
Petrographically these are cleaner members of the wackestone assem­
blage with the occasional boundstone. The assemblage is unique in this 
succession for the abundance and predominance of the macrofauna, and 
the sparseness of the sponge spicules whose place as dominant form is 
taken by crinoid columnals and undifferentiated shelly material.
A comparison of the coral limestone horizons at Streedagh Point 
and Serpent Rock is presented graphically in Plate H. The purpose of
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this was to attempt to trace facies variations* This is not entirely 
satisfactory, since at both localities the top of the unit is not dis­
tinct, and if present is obscured by superficial deposits. The base of 
the succession though seen readily at Streedagh Point disappears into 
the Atlantic at Serpent Rock. Hence the correlation has been somewhat 
hazardous. The thick, irregularly bedded limestones have been equated 
where a dominantly caniniid rich lower portion passes up into the 
fasciculate lithostrotiontid dominated group with accessory cerioid 
lithostrotiontids.
Prom this correlation it would appear that the Serpent Rock outcrop 
is the more lime rich, with a generally more evenly dispersed fauna. 
Lithostrotiontid horizons, in general, seem more prolific at Serpent 
Rock; though this is perhaps emphasised by the presence of the cerioids. 
Caniniids, by contrast, have a greater importance in the Streedagh 
Point succession. From this a lower energy index with solitary corals 
may be deduced for Streedagh Point, while a more wave resistant, hi^er 
energy index, lithostrotiontid dominated environment can be postulated 
for Serpent Rock.
The overall assemblage suggests a considerably hi^er energy index 
than Unit I. There is less mud and a prolific and varied fauna, much 
of which is in situ. Many of the individual biotic elements, e.g. the 
hermatypic corals, reflect well aerated waters within the zone of 
light penetration.
C. Unit III. 13’
This unit has a very restricted outcrop near Staad, Streedagh town-
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land, bounded to the north by a fault. The absolute lower limit of this 
unit is not seen, nor is the upper limit of unit II, so it is conceivable 
that they mi^t belong to one group. The beds consist of massive, steel- 
grey, bioturbated, coral biomicrite.
There is a prolific, apparently unsilicified fauna dominated by a 
mixed fasciculate lithostrotiontid^ & 2 thicket. Less common members 
are the clisiophyllids, caniniids, pustulids, linoproductids, and 
trepostomes. Both Scalarituba and Chondrites can be discerned.
Petrographically the samples are too restricted to be as represen­
tative as in the other units. However cleaner end-members are present 
in the form of a grainstone and a sponge spicule dominated wackestone.
The fauna remains prolific, as in Unit II, with non-foraminiferal members 
predominating.
The environment, reflected by this unit, would seem to be transitional 
between units I and II, thou^ nearer to the latter in being better aerated, 
with low mud content and containing a biocoenesis of hermatypic corals.
D. Unit IV. 50'
This is a dark blue-grey, thin bedded, sub-shaly, bioturbated 
biomicrite with a prolific transported fauna, much of which is pyritised.
The thin biostromes consist of caniniids, phillipsiid pygidia, 
trepostomes, auloporids, fenestellids, occasional linoproductids, lep- 
taenids, and small athyrids, in order of declining importance. In 
addition Scalarituba is present ramifying the sediment.
Petrographically this is a mixed assemblage of standard wacke stones, 
packs tone 8 and boundstones. The fauna varies from prolific, generally
Plate ÿf. Unit V. Incipient concretionary development seen at the base 
of this unit on the foreshore at Staad Abbey, Agharrow townland. 
Scale: folding rule is six inches long*
Plate 55» Unit V. Higher in the rubbly biomicrite of this unit than the 
preceding photograph. Occasional crinoid columnals, fenestellids and a 
brachiopod may be discerned. Foreshore at Staad Abbey. Scale: coin 
is one inch in diameter.
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dominated by the non-foraminiferal members, to poor. Only one specimen 
shows foraminifera to be of importance, two are dominated by sponge 
spicules, but most have no dominant form.
The environment deduced from this unit would appear to be similar 
to that of unit I, though perhaps a little better aerated siiice there is 
little clay in the sediment. The presence of pyrite, on the other hand, 
is generally accepted as indicative of anaerobic conditions. The fauna 
is little guide in this matter, since it consists of mud tolerant 
elements and transported vagrant forms.
B. Unit Y. 48*
This is a dark blue-grey, thin bedded, knobbly, shaly biomicrite 
which is considerably bioturbated in the lower portion. The irregular, 
carbonate enriched 'knobbles* increase in importance as the unit is 
ascended. At the base their presence is sporadic and their size small 
(Plate 54), these gradually increase (Plate 55) until they form a 
deceptively conglomeratic texture (Plate 5^) due to the merging of their 
margins.
The fauna is best seen in the lower portion of the succession which 
is least recrystallised. Here it consists essentially of comminuted 
crinoids and fenestellid, with sporadic auloporids, athyrids, spiriferids 
and camarotoechiid. There is little evidence to suggest this fauna did not 
persist throughout the unit, since it can be found relict in the peels.
Petrographically these are all muddy end-members of the wackestones, 
with non-foraminiferal elements predominating, and foraminifera being 
notably sparse. All but one of the specimens are dominated by sponge
Plate 57» Unit VI. An illustration of a deeply weathered portion 
of this unit exposed on the foreshore to the west of Staad 
Abbey on Agharrow townland. Scsde; folding rule is six inches 
long.
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spicules; in the exception crinoid columnals are important.
The comminuted, transported fauna and clay rich sediment suggest 
relatively quiet conditions, not favourable to the establishment of a 
benthonic fauna. The abundance of carbonate concretions mi^t point 
to a super saline environment, if the excess carbonate were present in 
the sediment prior to lithification. Certainly there is no indication 
of anaerobic conditions, since pyrite is not conspicuous.
F. Unit YI. 25*2*"
The lithology illustrated in Plate 57 consists of thick (up to 
twelve inch), well bedded, lenticular concretionary, dark blue-black 
micrite, with a notably scant fauna.
The concretions, which are described in greater detail on p. 7^^ , 
are reminiscent of the siliceous nodules and siliceous sheaths described 
by Newell et al. (1955, pp.l6l & 174) 5 and of the Mississippian migeo- 
synclinal siliceous material recorded in the Joana Limestone of Utah (Bisse 11, 
1959, PP.I57-I59) * lu the former account this siliceous development is 
noted to be particularly prominent bas inward from the Capitan reef talus 
slope.
Petrographically these beds consist of standard and muddy wackes tones, 
with notably sparse fauna, dominated almost exclusively by sponge spicules. 
Foraminifera are conspicuous for their almost complete absence.
The environment, evidently, was inimical to life. The dominant 
element, the sponge spicule, does not indicate whether it is indigenous 
or exotic. Local transport mi^t be expected from a neighbouring 
slightly more hospitable environment (Lewame, I965, p.296). All the
-'.'f % % . J /
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Plate 58. Unit VII. The typical lithology of this unit is illustrated by 
the cliff section at Altanclossagh, Ballyconnell townland. Scsile: 
folding rule in the bottom right hand corner is six inches long.
Plate 59* Unit VII. A bedding plane east of Pollbrean on Clooncagh town­
land showing the resistant, upstanding, irregular, bulbous, siliceous 
sheaths which not infrequently merge. Scale: hammer is thirteen inches 
long.
Plate 60• Unit IX. Incipient, lenticular carbonate enrichment on 
Clooncafeh townland. The speckling caused by relict Chondrites 
is most obvious in the region of maximum carbonate enrichment 
but may be traced laterally into the intervening shaly portion 
which has suffered greater compaction. Scale: coin is one and 
a quarter inches in diameter.
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macrofauna has been transported comprising comminuted crinoid and 
bryozoa in the main. Relatively quiet conditions, probably less well 
aerated than those of unit I, though not anaerobic, may be deduced.
G. Unit VII. 23* - 43*
Plate 9 shows the thick (up to twelve inch), well bedded, dark 
blue-black micrites with well developed siliceous sheathed concretions.
The concretions are more extensively developed in this unit than the 
preceding one, tending to coalesce into sheets (Plate 5§). As in unit 
VI the fauna is notably sparse.
The petrography of this unit is essentially similar to the preceding 
unit consisting of poorly fossiliferous sponge spicule dominated wacke- 
stones. Thus a similar environment may be inferred.
The only feature distinguishing this unit from unit VI is the wide­
spread, incipient coalescence of the concretions.
H. Unit VIII. 20*
Sub-shaly, thinner (four inch) bedded, blue-black micrites with 
occasional lenticular, siliceous sheathed concretions. The fauna is 
sparse, consisting of trepostomes and comminuted crinoid, being particularly 
well developed in the shaly partings.
Petrographically this unit is indistinguishable from the two pre­
ceding ones, comprising sponge spicule wacke stone s. Accordingly a similar, 
thou^ probably less acid, environment can be assumed.
I. Unit IX. 96*
The lithology illustrated in Plate 60 is transitional between this 
series of sparsely populated, siliceous micrites and the profusely 
fossiliferous unit II. The irregular bedding, presumed to be caused by
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interstratal flow and differential ]oading; is well developed but the 
fauna is scant and silicification is indistinct* In the upper portion 
of this unit there is an apparent increase in nruddiness*
The sparse fauna consists of small productids, comminuted crinoid, 
a nautiloid and much evidence of benthonic activity by Chondrites and 
Scalarituba*
Petrographically these are wacke stones, muddy end-members of the 
wackestones, and mudstones dominated by sponge spicules* The fauna is 
poor with foraminifera often conspicuously sparse but occasionally of 
greater importance than the macrofauna.
The environment, which may be deduced, evidently is less inimical to 
life than it was during the deposition of units VI, VII, and VIII* There 
is much evidence of the presence of benthonic, soft bodied creatures even 
thou^ the diverse skeletal fauna would appear to be exotic. This would 
indicate sli^tly better aerated waters, while the occurrence of the rare 
but well developed slump and penecontemporaneous faulting (fig* 1?) 
indicate instability of the sea floor*
Khocklane:-
I. Unit X or A* 100*
This is a monotonous sequence of medium bedded (six inch), blue- 
black biomicrites with occasional washout structures* The fauna is sparse 
and generally transported consisting of brachiopods, crinoids and fenes­
tellids; though evidence of bioturbation is abundant*
Petrographically these beds are more like units V and VI comprising 
various wackestones which become purer as the sequence is ascended* Sponge
'-**«««-; : <., . ■ ■ ■
Plate 6lo Unit XI. Small scale penecontemporaneous deformation 
picked out by the differential erosion of silicified bands in 
micrite, south of Knocklane Castle, Ballyneden townland. 
Scale: coin is one and a quarter inches in diameter.
Plate 62. Unit XI. The advanced stage of silicification typical of 
this unit is illustrated on Ballyneden townland. The darker bands 
show various degrees of silicification, while only small, lenti­
cular or sheet like patches of light coloured carbonate remain. 
Scale: hammer shaft is thirteen inches long.
Plate 63* Unit XI. A washout seen south of Knocklane Castle, 
Ballyneden townland, testifies to the penecontemporaneous 
origin of the lighter coloured, carbonate enriched pods.
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spicules still predominate in nearly all specimens, and the macrofauna 
is proportionately rare. Occasionally in the upper part of the succession 
the fauna is quite abundant.
The environment has thus reverted to being better aerated, but 
still in generally quiet waters. There is an associated faunal increase 
with aeration, while the presence of washouts suggests local traction.
K. Unit XI. 67*
Lithologically (Plate 6l) these are thicker (six to twelve inch) 
bedded, lenticular concretionary micrites. These pass upwards into 
alternate two inch chert and carbonate bands. Washouts and occasional 
penecont emporaneous folds (Plates 62 & 63) occur at the base of the 
succession, while silicification increases upwards. The upper part of 
the succession (Plate 61) is reminiscent of Bissell's (idem) *lunch-meat* 
lithology. The fauna is poor, consisting of rare orthotetids, spiriferids 
and comminuted crinoids.
Petrographically this unit consists of various types of sponge 
spicule dominated wackestone. The assemblage is essentially similar to 
the preceding unit, though the biota is less well developed.
The environment shows a gradual verticeil transition from aerated, 
quiet water conditions of unit X to decidedly acid conditions. This ver­
tical change, noted from unit VI upwards, would seem to be comparable with 
the westward lateral change traced in the Mississippian of the Cordilleran 
area by Bissell (1939, p.138). By snalogy these sediments, though showing 
minor regressive phases, would suggest one upward migration from a block 
craton type environment to miogeosynclinal conditions.
Plate 64. The calcilutite and overlying calcarenite, in which faint cross 
bedding may be discerned at the bottom left, is typical of the lithology 
of Lackaneana, Raghly townland. Scale: coin is one and a quarter inches 
in diameter.
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PETROGRAPHICAL ANALYSIS OF THE RAGHLY SUCCESSION (N.E. Co. S ligo)
X  present 0  dominant
Table 8. A petrographical analysis of the Raghly succession (N.E. Co.Sligo).
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il. RAGHLY
The thickness of this outcrop cannot he determined exactly, but it 
is certainly no less than 85 feet. The exposure is problematical since 
not only is the lithology unique in the Lissadell peninsula but there 
is evidence of much faulting (Plate E) . Often dolomitisation is present 
in varying amounts, in some places entirely destroying the initial tex­
tures and taking on a saccharoidal form. In the field these beds appear 
as li^t grey, crinoidal biosparites (Plate 64), and not infrequent cross 
bedded encrinites. Occasionally there is a local cherty development.
The fauna is scattered throughout consisting of occasional thin, fasciculate 
lithostrotiontid thickets, small productids sometimes occurring in nests, 
and linoproductids.
Petrographically (Table S) much of the succession taken from 
Lackaneena, Ballymuldorry townland, is in an advanced diagenetic state.
Both recrystallised carbonate and silicification virtually obliterate the 
depositional textures. Where discernible they appear as grainstones, 
packs tones, and wackestones with a predominant macrofauna of which crinoid 
columnals are the most conspicuous. Generally the foraminifera are rare, 
though whether this may in part be due to selective recrystallisation 
(Banner & Wood, I964) is not known. Sponge spicules are conspicuous for 
their paucity.
Environmentally these beds contrast markedly with the rest of the 
Streedagh Point - Knocklane succession. A considerably higher energy index 
is indicated by the low clay content. If the absence of foraminifera is 
not fortuitous the assemblage might well be classified under Plumley et al. 
(1962, ibid) moderately agitated group.
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b. N.W. Co. Sligo.
Resulting from a detailed field study of all accessible coastal 
exposures the strata have been subdivided into nine lithological units.
The outcrop of these units is shown on Plate I (western outcrop in the 
Easky district) and Plate J (eastern outcrop in the Aughris district),
while the general setting is shown in Plate A.
Continuity of the exposure, which is accessible without the aid of 
ropes, is not as good as in H.E. Go. Sligo where all the outcrop is 
accessible. In addition the uniformity of the strata would seem even 
greater in this area. Hence an inch by inch description is not presented. 
Thou^ the description was not recorded in such detail, the accessible 
outcrops were studied in equal detail. The results have been condensed 
in the following account, and an abridged diagrammatical representation
of the succession appears on Plate G.
In describing the succession data from both outcrops have had to be 
used to form a complete succession. Thus in the petrographical analysis 
(Table 9) the results have been compiled. The units are referred to as 
I - IX, and A - D in ascending order in the western and eastern limbs 
respectively. Hence, as in N.E. Co. Sligo, cross reference may be made 
between the diagrams.
A. Unit I. 117'4" & ïïnit A. 139*
The Carricknacusha Shale thins in an easterly direction across the 
outcrop. In the western limb the outcrop is generally obscured by shingle, 
but the exposure is continuous in the wave cut platform of the eastern 
outcrop. This unit consists of dark blue-grey to black, calcareous mud­
stones and occasional four inch bedded micrite ringers. The fauna which
6l
has both exotic and indigenous members is diverse, though not prolific, 
and scattered throughout the successiono It consists of crinoids, 
brachiopods, bryozoa, entire echinoids, zaphrentids, and rare pauciramous 
fasciculate lithostrotiontids, and auloporids. Occasional sparite 
nodules are present; some of which, on sectioning, proved to be sponges.
Petrographically (unit A) the beds are dominated by sponge spicule 
wackestones in which the non-foraminiferal fauna is dominant. Occasionally 
foraminifera are important. Fenestellid and crinoid debris are ubiquitous 
Though more homogeneous and muddy this assemblage may be regarded as 
analogous to Unit I in the Streedagh Point - Knocklane succession. Accor­
dingly a similar quiet water marine environment can be deduced.
B. Unit II, 50' & III, 73'2"; & Unit B. 112*2»
In the western outcrop much of unit II is inaccessible in the cliff
faces. Lithologically these are dominantly thin (three inch) bedded, dark
blue, shaly mudstones with calcareous ringers. Passing upwards from Unit 
II to Unit III, which is similarly largely exposed in inaccessible cliffs, 
a gradual thickening (from four to eight inches) of the bedding is noted 
with the incoming of occasional one foot thick black micrite ringers.
The thin (less than two inch) shaly partings are intensely bioturbated 
containing Chondrites and two types of cf Scalarituba. The last named 
have two and five millimetres diameters respectively, which were presumably 
exaggerated by compaction. An associated decrease in fauna is seen: 
caniniids are rare, only one inverted fasciculate lithostrotiontid is 
recorded and one leptaenid, rare athyrids, trepostomes, fenestellids,
and comminuted crinoids are also found.
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Unit B is conspicuous for its increase in faunal diversity and 
numbers over the preceding unit, comprising: spiriferids, caniniids, 
trepostomes, fenestellids, fasciculate lithostrotiontids, crinoids and 
unidentifiable shell fragments. By contrast to the lower unit there is 
evidence of bioturbation by Chondrites, yet a higher proportion of the 
fauna is transported. Indeed there is no evidence of any of the fauna 
being in situ, in contrast to the rare occurrence of lingulids buried in 
their burrows of the preceding assemblage.
Petrographically (Unit B) this unit is composed of a variety of the 
muddier wackestones, often dominated by sponge spicules. Characteristic 
of this unit is the paucity of the fauna, which is dominated by non- 
foraminiferal elements. This contrasts with the preceding group, which 
though having a less conspicuous macrofauna in thin section revealed an 
important biotic content, in which the foraminifera periodically were 
predominant•
Quiet waters, possibly less well aerated than Unit I, may be assumed 
from the high clay content and dominantly transported fauna.
C. Unit IV, 95*4"
This unit is more calcareous than the preceding one, consisting of 
four inch bedded, impure, black micrite with occasional shales and crinoid 
ossicles. Thin biostromes, up to a yard in diameter, are characteristic 
of the faunal assemblage. These contain productids, caniniids, amplexoid 
zaphrentids, schelwienellids, echinoconchids, and narrow caniniids in 
declining order of importance. At the top there is a return to a more 
muddy lithology with fewer corals but abundant trace fossils including:
6:5
Chondrites, Scalarituba and Cauda galli.
Petrographically this unit is barely distinguishable from its two 
neighbours, generally consisting of muddy wackestones dominated by sponge 
spicules. Foraminifera are seldom of significance.
The environment suggested by this assemblage is yet again one of 
quiet waters. The presence of biostromes, however, might indicate local 
selective current winnov/ing not previously recorded in this succession, 
though well developed in Unit I at Streedagh Point.
D. Unit V. 43*1"
These beds pass up rapidly from the lithology of the preceding unit 
into uniform, thick (twelve inch) bedded micrite only fifteen feet above 
the base of the unit. The fauna is not conspicuous.
Petrographically these beds are very similar to the underlying unit, 
comprising a variety of sponge spicule dominated wackestones. By con­
trast the fauna, however, is notably less well developed and its components 
more evenly distributed in this group.
The environment postulated is one of quiet waters, which are poorly 
aerated and therefore not conducive to an indigenous fauna.
E. Unit VI. 150* 2" & median portion of Unit C .
This group is generally inaccessible consisting of thick (twelve 
inch) bedded, muddy micrites with abundant trace fossils of which 
Scalarituba is conspicuous. The fauna is fairly well developed consisting 
of current transported productids and other baachiopods with auloporids.
Petrographically this unit is conspicuously poor in fossils, being 
dominated by a variety of wackestones. Hence the environment would appear
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to have been somewhat inimical to life. This suggests anaerobic quiet 
waters, yet there must have been sufficient currents at least in surface 
waters to distribute the exotic fauna.
F. Unit VII, 111*1" & upper median portion of Unit C
These are medium (eight inch) bedded, blue black micrites, with bio­
turbated shale partings. The bedding, which is distinct in the lower 
portion becomes less evident as the succession is ascended. The fauna is 
more varied than in the lower units since Unit II consisting of narrow 
caniniids, zaphrentids, productids, pustulids, chonetids, crinoids, 
micheliniids, fasciculate lithostrotiontids, and shell fragments in 
declining order of importance.
Petrographically this unit is not only distinctive for the paucity of 
the fauna and almost total absence of foraminifera, but also for being 
more argillaceous than any of the other units save Unit B. Of the fauna, 
where a dominant form occurs, it is invariably the sponge spicule. Thus 
a quiet water environment somewhat inimical to a pelagic or benthonic 
fauna, save trace fossils, is deduced.
G. Unit VIII, 205* & top of Unit C with lower portion of Unit D .
Much of this horizon is inaccessible in both outcrops. The beds
appear to consist of irregularly bedded, dark blue grey micrite with a 
prolific caniniid dominated fauna. The lithology is reminiscent of Units 
II and VI in the Streedagh Point - Knocklane succession. This is inter­
preted as the result of interstratal flow and differential loading. In 
addition to the caniniid population occasional productids and fasciculate 
lithostrotiontid^ is recorded. The fauna is probably transported, though
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only over a small distance since the caniniids are well preserved.
Petrographically the unit is distinct from the rest of the succession 
in the abundance of foraminifera present. Foraminifera are often dominant 
forms, displacing the sponge spicules in their importance. The comparative 
profusion of the foraminifera is unique for all the Sligo coastal outcrops. 
Lithologically these are generally cleaner end-members of the wackestone 
group, and packstones.
The assemblage, in its diversity of microbiota and fragmental forms 
together with the paucity of mud content, suggests a slightly aerated 
sea. Thus it is the best aerated assemblage described in this succession, 
and is second only to the Streedagh Point Unit II and Raghly succession 
described so far.
H. Unit IX, 13* & upper part of Unit D.
This unit consists of highly fossiliferous, bioturbated biomicrite 
which is described in greater detail from a palaeoecological aspect on 
pp. , The fauna is dominated by a coral assemblage notably
fasciculate lithostrotiontids ^ cerioid lithostrotiontids, giganteid
caniniids with crinoids, linoproductids, and pustulids. In addition to 
the above mentioned fossils zaphrentids, auloporids, davisiellids, 
productids, orthotetids, spiriferids, fenestellids, trepostomes, gastro­
pods, echinoids and trace fossils are also recorded.
Petrographically this unit consists of wackestones which are not 
dominated by any faunal element, having an equally well developed micro­
fauna and macrofauna. The environment suggested by this association must 
be somewhat rougher than would be apparent from thin section analysis since
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many of the corals are evidently transported. Accordingly a moderate to 
strongly agitated marine environment within the depth of light penetration 
is deduced.
c. Go. Donegal
i. THE RINN POINT BEDS OF THE LARGYMORE SYNCLINE
An inch by inch field study has been made of the Rinn Point Beds in 
both limbs of the Largymore syncline, whose regional setting is shown in 
Plate A. A graphical representation of the field examination is given 
in Plate K. A petrographical analysis of samples, collected regularly 
at five foot intervals, from the western limb is given in Table 10.
In the previous literature a comparatively detailed account of this 
outcrop is given by George and Oswald (1957» pp.1^1-1^4) which suffices as 
a general field description to accompany this analysis. One point only is 
contested; reference is made (op.cit., p.192) to ’’Very rich coral layers, 
with large caninioids in a profusion comparable with that of Streedagh 
Point and Serpent Rock”. This is not substantiated by the population 
studies recorded herein (p. 43 ), where further details of the palaeoecology 
are given.
The lithology of these beds contrasts markedly with the successions 
heretofore described. This is readily seen by comparing Plates F and K, 
which are drawn to the same scale. The faunal assemblage of the Rinn 
Point Beds is dominated by brachiopods of which davisiellids, and pustulids 
are most common, and a narrow caninioid, but clisiophyllids, micheliniids, 
conspicuously small zaphrentids, echinoids, large crinoids, euomphallids* 
fusiform gastropods, large and minute forms of Conocardium, productids,
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rhipidomellids, fenestellids, chonetids, rhynchonellids, sponge cones, 
and nautiloids have also been recorded.
A conspicuous feature of this succession is the rodded lithology 
described by George and Oswald (idem), and featured elsewhere in this 
account (p. logr ). This is not recorded in either the N.W. nor the N.E.
Go. Sligo successions. The Rinn Point Bed trace fossil assemblage consists 
dominantly of rodding obliterating initial textures, with less prolific 
Gauda galli developed at separate horizons. These never occur together, 
and contrast with Sligo successions mentioned which are dominated by 
Chondrites and Scalarituba.
In petrographical detail (Tables 7, 9 & 10) this contrast is accen­
tuated even further. The sediments belong to the cleaner group, with not 
infrequent grainstones and packstones, though clean and standard wacke­
stones are the most numerous. Sponge spicules, which form such a 
characteristic feature of both the Sligo coastal successions described 
herein, are almost absent but certainly never predominant. The fauna 
is commonly prolific being composed of indigenous forms. Reliable algae, 
as opposed to archaelagenids, were not recorded in the Sligo succession; 
while in this succession they are well developed and sometimes dominant.
The foraminifera, in general, may be described as larger and better 
preserved forms; the familiar unidentifiable small bunches of chambers 
so often recorded in the Sligo sequences are rare. Sand, which barely 
features in the Sligo descriptions, is well developed consisting of small 
to medium sized angular grains which may occupy as much as 90 per cent of 
the rock. Of the macrofauna there tends to be a greater variety in each 
specimen than in the Sligo material (see Tables 7*&;9 ^ 10). Echinoid
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plates and gastropods, not previously described, are quite common; while 
there is a concomitant increase in fragmental shell material derived from 
brachiopods, ostracods, molluscs, and undifferentiated echinoderms.
Entire ostracods though found in the Sligo succession never reach the 
importance recorded by the Rinn Point Beds.
Evidently the Rinn Point Beds formed in a different environment to 
the Sligo succession. The assemblage is higher in the Plumley energy 
index than any of the previously described successions, probably corres­
ponding to the moderate or strongly agitated environment. The macrofaunal 
assemblage of the Rinn Point Beds is clearly of near shore origin, since 
entire echinoids and gastropods are abundant. That it is also within the 
pellucid zone is apparent from the abundance of algae. George and Oswald 
(1957j P0I54) extrapolate a considerable overlap at the base of the Rinn 
Point Beds in this area; this may well be true, but the nature of the 
junction is certainly transitional as they have shown. Accordingly it 
may be deduced that these beds represent the marine deposits laid down 
peripheral to deltaic sediments in George's off-shore clear-water zone.
The depositional rate must have been slow on account of the abundance 
of crinoid columnals which are penetrated by borings; while a comparison 
of both limbs (Plate K) shows that eastern outcrop is the more lime rich 
and probably the better aerated.
ii. THE MUGKROS SANDSTONE OF MUCKROS HEAD AND ST. JOHN'S POINT
A. St. John's Point
An adequate field description of the outcrop at St. John's Point has 
been given by George and Oswald (1957» ppo1^8-151)• This outcrop has been
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revealed as faulted which complicates a detailed study. Though the whole 
area has been studied in detail description is limited to the only sizeable 
section which could be measured. This was described on an inch by inch 
scale at Scuddagh, the southernmost exposure on the peninsula. The 
result is presented in a graphical form in Plate L, while the associated 
petrographical analysis from samples collected at five foot intervals is 
given in Table 11«
Lithologically these beds are unique. In the entire literature of 
the Glasgow research school on the Visean of N.W. Ireland the only com­
parable description is given by Caldwell (1957» pp.22-50) in his account 
of the petrography of the Oakport Limestone Group. The accompanying 
illustrations in his thesis seem directly comparable with many of the 
limestones described in this account.
Pétrographieally these beds are all clear water sediments predominated 
by grainstones, not infrequently with well developed diagenetic carbonate. 
The fauna is invariably prolific, quite often showing a predominance of 
foraminifera which are conspicuous for their unbroken tests. In the lower 
part of the succession angular medium grained quartz varying in amount up 
to 70 per cent of the rock, ooliths and 'intraclasts* are prominent.
Crinoid columnals, endothyrids and Koninckopora are almost ubiquitous, 
though only the first named often acquires a significant dominance.
The oolitic content of the limestone varies considerably. In some 
instances the ooliths are simple with only one coating, quite often two 
coatings are present, and occasionally several ooliths occur welded into 
a compound body. The last named was initially interpreted as an intra-
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PETROGRAPHICAL ANALYSIS OF THE MUCKROS SANDSTONE 
OF MUCKROS HEAD, COUNTY DONEGAL.
Table 12, A petrographical analysis of the Muckros Sandstone at Muckros 
derived from regular sampling at five feet intervals.
Lithology: 1 = medium grained quartzite devoid of pore space,
2 = quartzite with predepositional cracking, 3 = arkose with 5-10^ 
carbonate matrix, 4 = arkose, 5 = calcareous arkose, 6 = calcareous 
sandstone, 7 = haematitic sandstone, 8 = sandy sparite, 9 = recrystal­
lised rhomboidal carbonate, 10 = oolite, 11 = sandy oolite, 12 = 
altered micrite, 13 = sandy micrite, l4 = shelly limestone, 13 = 
sandy siltstone, l6 = shelly calcareous shale, 17 = bioclastic silt- 
stone, l8 = sandy shale, 19 = silty sandstone.
Biota: 1 = Koninckopora. 2 = simple unicellular foramini­
fera, 3 = multichambered foraminifera, 4 = serpulids, 3 = fenestellids, 
6 = trepostomes, 7 = entire ostracods, 8 = fragmental ostracods,
9 = brachiopods, 10 = fusiform gastropods, 11 = depressed gastropods,
12 = undifferentiated shell, 13 = undifferentiated echinoderm plates, 
l4 = crinoid ossicles, 13 = echinoid plates, l6 = holothurian plates.
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clast, but it is conceivable that it could be a bahamian grapestone.
Likewise the 'intraclasts* have caused some concern. These are badly- 
clouded carbonate components, often with well rounded margins, some­
times containing fine angular quartz grains. In detail their texture 
is hard to discern, and being less than two millimetres in diameter is 
not noticed in hand specimen. In thin section they do not appear very 
different from Caldwell's (1937, p*28) description of 'clots', which 
in the Oakport Limestone Group reach much greater dimensions and are 
compared with George's (1934) algal derived calcite-mud. Certainly no 
diagnostic criteria can be found in the Muckros Sandstone specimens, 
though their origin could conceivably be similar.
The environment indicated by this group is evidently different from 
that of the Rinn Point Beds, though this is the closest comparison des­
cribed. Moderately agitated waters are indicated by the clean petrography. 
The abundance of algae, which is greater than in any other group, indicates 
the pellucid zone, while the absence of mud indicates effective winnowing. 
The improved foraminiferal fauna may indicate that this represents a 
further seaward facies than that of the preceding group.
B. Muckros Head
The succession in this more westerly outcrop, whose field relationships 
are described by George and Oswald (1937, pp. 133-136) also, provide a 
strong contrast in facies. The petrographical analysis of this succession 
(Table 12) supports their dictum that the sequence comprises quartzites 
and sandy oolites. The biotic content is poorly represented consisting 
mainly of algae, undifferentiated shelly matter and echinoderm fragments.
TABLE 13
ül IIm
IIP
||Iyijliüii'î
= s
F O R A M I N I F E R A
S 3
II
till
TURBATION 
1î
i !
I fii
PETROGRAPHICAL ANALYSIS OF SELECTED SPECIMENS FROM INLAND 
EXPOSURES IN THE BALLYSHANNON LIMESTONE TYPE LOCALITY.
X  present ■  dominant
71
Accordingly with the additional evidence of the abundance of cross­
bedding a well winnowed pellucid environment may be deduced,
iii. BALLYSHANNON LIMESTONE AT AUGHRUS, NEAR BUNDORAN 
An inch by inch field study of the measurable coastal exposure around 
Aughrus Point, Drumacarin townland, has been made. From this the graphical 
representation (Plate K) has been constructed, but a petrographical 
analysis of this section was not undertaken. Instead the contiguous inland 
outcrop of the Ballyshannon Limestone has been sampled (Table 15).
Plate K illustrates the close similarity between the lithology of the 
Aughrus succession and the Rinn Point Beds, which makes a strong contrast 
with the N.W. and N.E. Co. Sligo coastal successions (Plates F & G). Yet 
the St. John's Point outcrop of the Rinn Point Beds and Streedagh Point 
are equidistant from this locality. Both the Sligo and Donegal outcrops 
are conspicuous for the constancy of their lithologies over a wide area, 
which are strongly contrasting.
Lithologically the Aughrus exposure consists of dark, rodded and 
massive, regularly bedded, somewhat impure biomicrites with unsilicified 
fauna of pustulids, rhipidoraellids, zaphrentids, productids, auloporids, 
chonetids, micheliniids, davisiellids, the minute Conocardium, euomphalids, 
caniniids, and syringoporids in declining order of importance, together 
with the ubiquitous crinoid, echinoid, and fenestellid fragments with 
worm burrows.
This outcrop is in the uppermost part of the Bally shannon Limestone 
type locality, and is therefore comparable with the top of columns and 5® 
of the Rinn Point Beds in the Largymore sync line (Plate K). At Largymore 
the development of a sandy limestone (calcareous quartz grainstone) bears
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witness of renewed erosion of the mature hinterland, possibly associated 
with shallowing, but certainly reflecting a well aerated and winnowed 
environment. Similarly at Aughrus a winnowed shell bank development of 
small productids overlying a massive pinnular encrinite suggest a com­
parable change in environment from the underlying succession. Between 
these two outcrops, at the southern end of St. John's Point, though the 
actual upper limit of the Rinn Point Beds is inferred an analogous develop­
ment of increased winnowing can be deduced from the accumulates of great 
lengths (up to a yard or so) of giganteid crinoid stems. Conocardium and 
davisiellids. Generally these are thanatocoenotic reflecting a somewhat 
restricted rate of sedimentation in the abundance of encrusting aulo­
porids (p. ). Rarely a biocenosis of rhipidomellids similar to the
Aughrus occurrences is indicated by the presence of various growth stages 
locally assembled on a bedding plane.
At Largymore the Rinn Point Beds pass upwards into a quartzitic facies 
of the Muckros Sandstone, which further southeast on St. John's Point is 
displaced by the organic crinoidal-foraminiferal-algal grainstone facies.
At Aughrus, above the productid bank, a transition into the more muddy 
environment of the Bundoran Shale is recorded. This suggests that the 
two first named outcrops were deposited in a well aerated environment 
marginal to the restricted environment of the Bundoran Shale forerunners.
Petrographically (Table I3) the samples, collected from inland 
quarries, are all clear water sediments consisting of oolitic, foraminiferal 
and crinoidal grainstones and their combinations. The ubiquity of endo­
thyrids can be compared with the Muckros Sandstone sequence of St. John's
75
Point; of which, in many ways, the assemblage is reminiscent. Of all 
the successions studied the nearest analogy is to be found in the 
Muckros Sandstone.
The environment reflected by the Ballyshannon Limestone is clearly 
marine of the moderate to strongly agitated energy index. Algae, once 
more, suggest deposition in or near the pellucid zone since many of them 
are probably transported. All the fauna is current washed and there is 
no evidence of an in situ development of corals.
3o CONCRETIONARY STRUCTURES
a. Introduction
A cursory study of the aforementioned carbonate sequences suggests 
that the development of concretionary structures at certain horizons may 
be utilisable as marker bands. Six types of structure occurring with 
different palaeontological associations have been studied. It is evident 
that, though these may be sufficiently distinct stratigraphical indicators 
in this region of uniform lithologies, the origin of the concretions is 
more closely related to the environment of deposition and early pre­
consolidation diagenetic effects than to their stratigraphical position. 
Their presence is thus recorded more in the hope that subsequent workers 
in neighbouring terrain may be able to trace these horizons than as a 
significant isolated phenomenon in their entity.
b. Group I. Calcareous, post-depositional, pre-consolidation lenses 
These are large scale, irregular, biconvex, selectively lime-enriched
lenses ranging from 12 to 48 inches in diameter, and up to l8 inches high. 
They are commonly associated with thick bedded biomicrites having a
Plate 65* Lime enriched lenticular structures caused by post-depositional 
and pre-consolidational compaction and interstratal flow. The original 
bedding can be discerned in the darker, horizontal, shelly bands. The 
shaly bands have been incised by differential weathering. Unit II, Rinna- 
doolish, Streedagh Point. Scale: hammer shaft is thirteen inches long.
Plate 66. Close-up of a portion of Plate 65 (to the left, above the hammer) 
illustrating the graded biomicrites. The darker, shelly band (passing 
horizontally above the coin) and the chondritid rich muddier planes at 
the top and base represent the initial bedding. The effects of inter stratal 
flow are most apparent in the more shaly marginal regions. Scale: coin is 
inch in diameter.
- ^
Plate 67 • The lack of relationship of the lenticles to the bedding 
and fauna is illustrated by the horizontal caninioid rich plane 
which is believed to represent the original bedding and the irre­
gular surface below it. Unit II, Rinnadoolish, Streedagh Point. 
Scale: hammer shaft is thirteen inches long.
Plate 68. Lenticular carbonate concretions, showing no trace of 
initial bedding, arranged en echelon. Unit II, Streedagh Point. 
Scale: folding rule is six inches long#
£Plate 69. Close-up of a siliceous sheathed micrite concretion showing a 
well developed, resistant, siliceous sheath, notably weathered out on 
the upper surface. The initial bedding can be traced from the matrix, 
somewhat deflected by compaction in the marginal region, into relict 
structures in the core. Scale: folding rule is six inches long.
Plate 70. Siliceous sheathed concretions showing their irregular more 
elongate forms with light coloured carbonate rich cores, dark sili­
ceous marginal regions, and chondritid ramified shaly micrite matrix 
in which the post-depositional compactional effects are minimal. 
Scale: coin is one inch in diameter.
Plate 71» Lime enrichment along preferred planes has reached the ultimate 
stage where the marginal siliceous material is restricted to alternate 
bands, which being more resistant weather out to mimic bedding. The 
original bedding can be deduced from the relict chondritid bands.
Scale: coin is one and a quarter inches in diameter.
Plate 72. Close-up of a portion of Plate 71 to show the relict chondritid 
burrows penetrating the matrix and the core. Scale: coin is one inch 
in diameter.
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prolific fauna of caniniids, lithostrotiontids, and productoids which is 
dominantly in situ or little transported, best illustrated by Unit II 
(Plate 65) of the Streedagh Point succession and Units VII & IX of the 
Easky succession. Frequently there is evidence of these lenses cutting 
across the bedding (Plates 65,66 & 67), and usually being arranged en 
echelon (Plate 68) thus testifying to their secondary pre-consolidational 
origin.
This phenomenon is reminiscent of Newell's et al. (1953, pp.4?,
80-82) irregular bedding which was attributed to interstratal flow and 
differential loading. The regularity of the distribution of the lenses 
would suggest that lime-enrichment resulted from a chemical control rather 
than accretion about certain organic nuclei.
c. Group II. Siliceous sheathed, post-depositional, pre-consolidational,
calcareous cored lenses
These lenses, though biconvex, are generally of more variable shape 
and size (Plates 69 & 70) than those of Group I, having a tendency to form 
sheets along the bedding plane (Plate 70), which may ultimately result 
in the alternation of siliceous and calcareous bands mimicing bedding 
(Plate 71)* Their occurrence in Units VI, VII, VIII & XI of the Streedagh 
Point succession is associated generally with thinner, more regularly 
bedded sediments than those of Group I. The fauna of the associated 
sediments, other than trace fossils, is generally scant, consisting of 
occasional spiriferids and comminuted crinoids suggesting a less 
favourable environment than Group I.
In the field the initial texture of the core is generally destroyed.
en
W►-
<
CL
g
ai
.g
<D
0)
0> ^  
.Si g
es. u
W ‘ !;
. /r,ï:
lO
w
5
a
0)
Plate 74. Negative photomicrograph of the matrix of a group II type of 
concretion. Plane polarised light, x 112.
Plate 75* Negative photomicrograph of the transition zone of the concretion
illustrated in Plate 73* Plane polarised light, x 112.
Plate 76. Negative photomicrograph of the core of the concretion 
illustrated in Plate 73* Plane polarised light, x 112.
Plate 77* A washout structure illustrating the penecontemporaneous for­
mation and deformation of the concretionary structures. Scale: hammer 
shaft is thirteen inches long.
Plate 78. Close-up of a portion of a group II type of concretion to show 
successive growth stages, and possible coalescence, in the advance of 
siliceous sheaths. This concretion has been partitioned by such a 
development. Scale: coin is one inch in diameter.
Plate 79* Irregular carbonate concretions of group III type transected by 
post-compactional veining. Rinn Point Beds of Muckros Head. Scale: 
hammer shaft is thirteen inches long.
Plate 80. Sections through a group III type of carbonate concretion in the 
Rinn Point Beds of Shalwy showing the relict bedding that can be traced 
from the matrix into the core transected by post-compactional calcite 
veining. Scale: coin is one inch in diameter.
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but occasional specimens show chondritid burrows penetrating both core 
and matrix (Plates 71, 72 & 73)* In section the close similarity between 
the core and matrix is seen (Plates 74, 73 & 76). The penecontemporaneous 
origin of these concretions is illustrated by their preservation in a 
deformed state in washouts (Plate 77), which post-date the concretions 
yet are pre-consolidation phenomena themselves. The geometry of the 
structures, though usually simple, is not invariably so (Plate 78) 
suggesting that there may have been more than one phase of growth.
The nature of this group seems analogous to the siliceous nodules 
and siliceous sheaths described by Newell et al. (1953, pp*l6l & 174), 
and the Mississippian miogeosynclinal siliceous materials recorded in 
the Joana Limestone of Utah by Bissell (1959, pp.157-159)•
d. Group III. Isolated calcareous nodules
In the Rinn Point Beds of Go; Donegal selectively lime-enriched 
lenses of variable dimensions occur in thick bedded, impure, shaly lime­
stones with a dominantly transported fauna. Though generally regular in 
their shape (Plates 79 & 80) these are reminiscent of Hallam's (1962) 
description of concretions in the Upper Lias, but no detailed petrography 
has been undertaken to substantiate this notion. In the field there is 
no evidence of Hallam's associated pseudobreccias, though both late stage 
veining and cone-in-cone structures are recorded; while the concretions 
themselves reveal a preconsolidational origin in the deflection of 
chondritid burrows which they transect.
This group would appear to be analogous to Group I, having originated 
in a less carbonate-rich environment and therefore having a more restricted 
development•
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Plate 81. Bedding plane view of irregular, small scale, rubbly carbonate 
concretions in a shaly biomicrite matrix containing an abundance of 
comminuted crinoid and fenestellid. Low in unit V on the foreshore at 
Staad. Scale: coin is one inch in diameter.
Plate 82. Section through the upper portion of unit V at Staad showing the 
incipient coalescence of the concretions mimicing a conglomeratic tex­
ture. Scale: coin is one inch in diameter.
Plate 83. Negative photograph of a biomicrite showing the incipient 
recrystallisation about a radiating algal nucleus. Magnification x 3$
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Plate 85• Photomicrograph of the matrix illustrated in Plate 84. 
Plane polarised light, x 112.
* ■
Plate 86. Photomicrograph of the non-algal transition zone illus­
trated in Plate 84. Plane polarised light, x 112.
Plate 87. Photomicrograph of the non-algal core illustrated in Plate 84. 
Plane polarised light, x 112.
Plate 88. Photomicrograph of the algal transition zone illustrated in
Plate 84. Plane polarised light, x 112.
Plate 89. Photomicrograph of the algal core illustrated in Plate 
84. Plane polarised light, x 112.
Plate 90* Negative photograph to show the entire loss of initial textures 
within a recrystallised carbonate concretion occupying the darker 
portion of the biomicrite field, x 3*
m
Plate 91* Photomicrograph of the core illustrated in Plate 90* Plane
polarised light, x 112.
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e. Group IV. Calcareous "Atomic Cloud" type
In contrast to all the other groups these show highly irregular 
diffuse margins. They are small structures, commonly less than three 
inches in diameter, surrounded by a highly fossiliferous comminuted 
crinoidal and bryozoan association in thin bedded shaly biomicrites 
(Plate 81)0 Their occurrence is restricted to Unit V of the Streedagh 
Point succession. The first appearance of these concretions is sporadic 
in a rock consisting of 80 per cent matrix, but towards the top of the 
unit they increase in abundance until the initial texture of the rock is 
almost completely obscured (Plate 82). In section the degree of recrys­
tallisation varies considerably as illustrated» In several places organic 
fragments are seen straddling the margin being partially relict in the 
recrystalline core and distinct in the matrix. In Plate 83 a radiating 
algal cluster is readily discerned as the nucleus of an incipient "cloud"; 
while in Plates 84-89 an assortment of relict organic remains can be dis­
tinguished, yet in another core (Plates 0^ & 91) the initial texture is 
obliterated. The diagenetic origin of this type of concretion is evident.
A close similarity to the descriptions of George (1934, pp.306-8;
1937, pp.98-99) and Caldwell (1937, p.28) is apparent. However, that the 
algae form the centre of nucléation in this rock is only a chance occur­
rence is testified by their state of preservation. All stages of re­
crystallisation are to be observed; but where algae and other fossils 
occur they are distinctive, thus there is no suggestion of the algae 
being the sole cause of recrystallisation.
The compactional phenomena observed in previous groups are barely 
distinguishable in this group, suggesting, perhaps, a slightly later origin,
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or more imiform rate of loading and consolidation of the whole sediment.
f. Group V. Allochthonous calcareous type
In their field relationship these concretions, occurring in Unit VI 
of the Streedagh Point succession, are deceptively similar to those of 
Group II, but in section (Plate 92) they appear to consist of contrasting 
sediment type in core and matrix. This would suggest that the core re­
presents a transported mud ball consisting of a highly bioturbated bio­
micrite, while the matrix consists of an unfossiliferous micrite, with 
relict chondritids similar to the matrix of Group II. IVhat proportion of 
Group V type structures is present within Unit VI is not known; though, on 
account of the profusion and distribution of these objects, it might be 
suspected that Group II types also are important.
g. Group VI. Organic calcareous type
An unusual occurrence of irregular, small, mushroom-shaped, and 
spheroidal, sparite concretions, generally less than four inches in their 
maximum dimension, associated with thin bedded, often pyritous, fossili­
ferous, shaly micrites in the Carricknacusha Shales and Rinn Point Beds is 
recorded. The associated fauna seems in part to be indigenous, consisting 
of rare hermatypic corals, productoids, crinoids, fenestellid and trepos- 
tome bryozoa and echinoids.
Evidently these have no stratigraphical significance since they are
recorded in beds of both and S^D^ age. The origin of the structures
*
is somewhat problematical . The original texture appears to have been
* In their field relationships and textural properties these structures are 
indistinguishable from those previously listed as sponge cones by 
George and Oswald (1997, p.199)*
Plate 93* Transverse section through a mushroom-shaped sparite structure 
in a biomicrite matrix which shows traces of compactional deflection 
in the "root* region. Carricknacusha Shale, Co. Sligo.
Magnification x 2.
Plate 9^* Transverse section of a cylindricsil sparite structure showing 
the abrupt junction between it and the matrix. In the latter there 
is evidence of the compactional deflection of the bedding. Rinn Point 
Beds at Shalwy. Magnification x 2.
Plate 95* Photomicrograph of the matrix illustrated in Plate 99 
Plane polarised light, x 112.
Plate 96. Photomicrograph of the transition zone illustrated in
Plate 99* Plane polarised light, x 112.
Plate 97. Photomicrograph of the core illustrated in Plate 93* 
Plane polarised light, x 112.
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lost by recrystallisation with concomitant increase in grain size. That 
an organic structure was initially present is inferred from the nature of 
the sharp contact between the matrix and the object (Plates 93 & 94), 
while both compactional and original bedding phenomena also can be traced. 
Petrographical details of this group are illustrated in Plates 99-97*
6. SEDIMENTOLOGICAL ASSOCIATIONS
Exactly how far the variations in lithology may be attributed to 
changes in facies is difficult to ascertain since more than one strati­
graphical horizon is involved. Hence the interpretation of the litho- 
logical associations is of restricted significance. The uniformity of 
each succession is evident from a comparison of Tables 7-13* Neverthe­
less it seems probable that the environment had considerable effect on 
the lithologies of the different horizons*
From the data given in Tables l4 &13 it would appear that the forami-
1
nifera increase in importance concomitantly with the increase in energy 
index and the purity of the sediment. Thus the grainstones and packstones 
have the most comprehensive assemblages while the mudstone and muddier 
wackestones have the least. Whether the ubiquity of the large endothyrid 
specimens in the Donegal assemblages, which are chiefly grainstones and 
packstones though some standard and clean wackestones also occur, is a 
greater reflection of the stratigraphical setting or the clarity of the 
environment cannot be discerned. The former hypothesis may be supported 
on account of the scant presence of endothyrids in the comparable wacke­
stones of the Sligo successions.
The presence of algae and microbioturbation appear to have an inverse
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relationship. Algae, notably Koninckopora, abound in the cleaner water 
grainstones and packstones but are seldom present in the wackestones, and 
fail to be recorded in the mudstones. Sponge spicules are almost ubi­
quitous in the mudstones and wackestones, occasionally present in the 
packstones, but absent from the boundstones and grainstones. Doubtless 
this can be related to the winnowing process of current and wave action. 
Sponge spicules would be expected to accumulate within a limited quiet 
water environment on account of their constancy of shape, size and 
specific gravity.
Evidence of facies control deduced from this study so far is disap­
pointing. However this is further magnified by reference to Caldwell*s 
(1957) stratigraphical conclusions, which may well be applicable, in part, 
to these successions. Perhaps ultimately the stratigraphical control can 
be partially related to an environmental influence over an extensive area.
Accordingly the faunal assemblage of the Lower Visean Oakport Limestone 
Group (Caldwell, 1957, PP«5^-35) bears close similarity with the Rinn Point 
Beds and Muckros Sandstone. The strong representation of endothyrids is 
cited, the importance of algae and ostracods is mentioned, while the 
presence of uncommon molluscs notable euophalids and Conocardium is deemed 
worthy of allusion.
In the Ballymore Beds Caldwell (1957, P*^5) mentions pockets of 
phillipsiid trilobite pygidia, while of the foraminifera cited endothyrids 
are not included but an assemblage of ammosdiscids, many archaediscids, 
erlandiids, nodosariids, tetrataxids and plectogyrids is recorded.
Similarly in the petrographical descriptions (idem, p.57) the lithology 
seems reminiscent of the Sligo wackestones, though perhaps in part a little
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cleaner. Reference is made to a muddy detritus in some sections, while 
rhomboidal, euhedral, secondary dolomite is recorded in others. The 
description of the matrix* s platy or granular habit is temptingly similar 
to the appearance given by the sponge spicule wackestones. The sponge 
spicular origin of the latter was initially discovered as a result of 
peels being prepared parallel to the bedding, thus presenting a two 
dimensional view of the components.
Caldwell draws attention (1957, p.4^) to the abundance of the 
foraminifera in the basal member of the Oakport Limestone Group, the 
Syringopora bed, in which a noted decrease is recorded higher in the 
succession. Likewise the upper part of the Ballyshannon Limestone Group 
in Co. Donegal has a prolific foraminiferal fauna but this does not extend 
into the Co. Sligo successions. At the top of the succession in N.W. Co. 
Sligo units C & D (Table 9) are an exception, being fairly rich in the 
foraminifera of the Sligo assemblage.
7. POPULATION STUDIES
a. History of Research
The coral population of the Sligo coastal exposures has excited the 
passing interest of geologists for more than a century. Wynne (l864, 
p.58), in describing the caniniids of Streedagh Point, proffers the most 
vivid and possibly the earliest detailed account: **... like stumps in a 
cabbage garden, and one is almost disappointed to find that one can not 
pull them up; some of them are from I8 inches to 2 feet long and 2 to 3 
inches in diameter*’. A further picturesque reference to the caniniids, 
this time at Easky, is made by Symes in the spring of I892. On J.R. Kilroe*s
8 i
six-inch field map R.G.S. has initialled the addenda ’’Shaly muddy lime­
stone. Zaphrentis as thick as my leg. One mass of fossils”.
In describing the Ballyshannon Limestone Oswald (1955, pp.l68 & I70) 
mentions that there are extremely fossiliferous, thickly bedded, argil­
laceous limestones at Streedagh Point and Serpent Rock. He cites another 
conspicuously fossiliferous outcrop between Fairies’ Bridge and Aughrus 
in Go. Donegal.
Bowes (unpublished Ph.D. thesis, 1957,-p*52), in comparing the 
Ballina Limestone with the Ballyshannon Limestone, commented upon the 
prolific fauna of the Ballina Limestone at Easky and Aughris in western 
Co. Sligoo
George (in George & Oswald, 1957, p.152), in describing the Rinn 
Point Beds of the Largymore syncline, Co. Donegal, draws attention to 
’’the very rich coral layers with large caniniids in a profusion comparable 
with that of Streedagh Point and Serpent Rock in the Lissadell Peninsula 
(Oswald 1955, p.170)”.
Fossil lists giving specific identifications with varying definition 
of location are appended to these twentieth century reports. Oswald’s 
(1955, p.172) does not specify from which localities his Ballyshannon 
Limestone population has been collected. It would appear, from his field 
maps and specimens, that Streedagh Point and Serpent Rock were the main 
sources. Neither Aughrus nor Ballyshannon are marked with the asterisk 
denoting fossil localities on his field maps. George and Oswald (1957, 
pp.172-174) subdivide the faunal lists for the Ballyshannon Limestone and 
lateral equivalents into four groups of varying areal extent. Bowes
82
(1957, pp.44-48) subdivides the faunal list for the Ballina Limestone 
into three districts: west of Dromore West, Aughris, and Skreen.
b. Method
A numerical comparison of the populations of the outcrops formerly 
ascribed to the Ballyshannon Limestone and its lateral equivalents at 
Easky, Aughris, Serpent Rock, Streedagh, Kiln Port, and Shalwy is 
presented. The four first named outcrops are in Co. Sligo, the remainder 
in Co. Donegal. The localities define the limits of a somewhat irregular, 
elongate area some 300 square miles in extent, in which the maximum dis­
tance between stations is 35 miles (Easky to Kiln Port) and the minimum
6.3 miles (Kiln Port to Shalwy). Aughrus (Co. Donegal), near the type 
area of the Ballyshannon Limestone, is alluded to.
The seven stations, named above, have been selected from extensive 
coastal exposures, chiefly in the intertidal zone, in which the partially 
silicified fauna is particularly well preserved. At each location, 
excluding Aughrus (Co. Donegal), 100 one-metre quadrats marked out with a 
piece of string anchored by four pebbles were sampled. In each quadrat 
the total fauna, including entire and fragmental forms, above the size of 
comminuted crinoid debris was counted. To ensure representative results 
several bedding planes were sampled at each locality. At Aughrus (Co. 
Donegal), which is alluded to on account of its proximity to the type area 
of the Ballyshannon Limestone, it was found impracticable to sample more 
than 50 one-metre quadrats all of which were confined to the same bedding 
plane. Thus restricted, with only entire forms counted, no direct corre­
lations may be drawn with this area though its significance is evident.
Plate 98* Partially silicified, pustiilid rich, bedding plane showing the 
poor state of preservation of the intractable, randomly oriented, often 
inverted forms, Rinnadoolish, Streedagh Point# Scale: coin is one inch 
in diameter.
Plate 99* Portion of a bedding plane showing prolific, partially silici­
fied caniniids with a variable degree of geniculation# Streedagh 
Point# Scale: hammer shaft is thirteen inches long#
Plate 100. Bedding plane showing well spaced cerioid lithostrotiontid 
colonies appearing as light coloured patches in the jointed bio­
micrite matrix. Serpent Rock. Scale: hammer shaft is thirteen 
inches long.
Plate 101. Partially silicified, fasciculate lithostrotiontid^ thickets 
showing the profusion of the fauna almost to the exclusion of the 
matrix. Serpent Rock. Scale: hammer shaft is thirteen inches long.
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In the analysis of the fauna a specific identification has not been 
attempted. The material involved, though prolific, is in a massive matrix 
which precludes detailed-laboratory studies. Specimens are often only 
partially visible (Plate 98) and sometimes crushed by compaction. Thus 
brachiopod hinge lines are often buried or removed by erosion which would 
not allow for accuracy even at generic level though the profile available 
is adequate for the family or subfamily level of classification. Like­
wise it is argued that the selective sampling of corals for specific 
identification would lend no greater accuracy to this study. No less than 
6,562 corals are enumerated in Table I6. For accurate specific identifi­
cation it is necessary to polish each transverse section; since many of 
the specimens are inextricable this would be inexpedient.
The faunal lists made available during the last decade by Bowes (op. 
cit.), George and Oswald (opocit.), and Oswald (op.cit.) present the 
generic and specific data which are grouped in the present account.
The Sligo outcrops, mentioned hereafter, consist of relatively thick, 
irregularly bedded, light grey biomicrite (Folk, 1959) with a prolific 
coral-brachiopod fauna, and occasional thin shale partings. The fauna 
which is scattered throughout is particularly rich along certain planes. 
There is a tendency for one form to predominate in each stratum, notably 
caniniids (Plate 99), lithostrotiontids (cerioid: Plate 100, or fasciculate 
Plate 101), or brachiopods (Plate 98); though a certain amount of mixing 
is to be found. The Donegal outcrops, by contrast, appear to be less 
fossiliferous, darker, more regularly bedded, somewhat impure biomicrites 
with a less silicified fauna.
The location of the stations (Easky, Aughris, Serpent Rock, Streedagh,
TABLE 16
SOLITARY .CORALS
caniniids
^aphrcntids
clislophyllids
EASKY AUGHRIS SERPENTROCK STREEDAGH
KILN
PORT SHAW Y
a b a b a b a ^ b a b a b
355
i
29 323
4
19 748 82 1050 02 91 8 329 49
. 3 -------- 11 4 5
6 7 28
COMPOUND CORALS 
lithostrotiontids ^ 25 30
740
_ 31 
19
17
26
550
3
1 5
29_
7 2 5
144
861
T
_ 5 87
lithostrotiontids n
J T  
 ^ 2
375
iithostrotiontic^- _  
syringoporids^ i
1
3 58
syringoporidS2 16 4
syringoporidSq
aubporids 47 14" 18
32
75 13 2
micheliniids 30 1
BRACHIOPODS
davisiellids 1 580 57
chonetids 2
linoproductoids 521 6 110 24 81 19
pustulids 10 1 2 1
product ids 2 128 49 5 4
orthotetids 3 19 3 32 5 12
leptaenids 10 4
spiriferids 1 14 29 7 1
rhynchonellids 2 1
brachiopods* 6 28 117 69 174 39 70 3 2
BRYOZOA
fenestellids 2 22 17 32 23 5 5 1
trepostomes 3 10 7 51 1
TRILOBITES 5 2 1
MOLLUSCS
gastropods^ 2 8 8
gastropodS2 3 3 23 25
orthocones 1 1
ECHINODERMS
echinoids 1 1 27
crinoid debris GEN ERAL LY PRES ENT THR OUGL OUT
worm  burrows GEN ERAL LY PRES ENT THR OUGhjoUT
Table l6. Field counts on 100 one-metre quadrats. The total 
population recorded in the field at Easky, Aughris, Serpent 
Rock, Streedagh, Kiln Port and Shalwy is tabulated. Column 
(a) represents entire forms, column (b) fragmental forms.
Lithostrotiontid-j^ fasciculate with corallites approximately 
5 mm. in diameter.
Lithostrotiontid2 fasciculate with corallites approximately 
12 mm. in diameter. This lithostrotiontid form was at 
first mistaken for fragmental material. The figures em­
ployed are the results of extrapolation. The majority of 
corsilla were noticed to be composed of fewer than half a 
dozen corallites, often only two or four. To approximate 
the fragmental quota 10^ was discounted (a sum to which no 
statistical significance should be attached). The remaining 
90^ was divided by three to produce an approximate 'entire* 
quota. Thus in subsequent calculations the following numbers 
are used: Easky 222a ?4b, Aughris l66a 55b, Serpent Rock 
268a 86b, Streedagh 115a 57b.
Lithostrotiontid^ cerioid forms.
Syringoporids^ with corallites approximately 2 mm. in diameter. 
Syringoporids2 with corallites approximately 5 mm. in diameter. 
Syringoporidsj with corallites approximately 4 mm. in diameter. 
Brachiopods, unidentified short hinged forms.
Gastropods^ fusiform.
Gastropods2 helicoid.
F IE L D  COUNTS A U G H R U S  (Co. Donegal ) FIG. 19
SOLITARY CORALS
zaphrentids 287
COMPOUND CORALS
auloporlds 3
micheliniids 2
BRACHIOPODS
davisiellids 1
chonetids 2
pustulids 339
productids 69
rhipidomelllds 319
worm burrows, crinoid. 
echinoid* and fenestellid 
debris ubiquitous.
TOTAL
POPULATION
PERCENTAGE OF PERCENTAGE OF'
POPULATION INVERTED
BRACHIOPODS
UPRIGHT 
P ~ 1  INVERTED
1 2  3 4 5 1 2  3 4 5
Figure 19* The population of Aughrus (Co. Donegal). Field counts 
record the entire forms counted in $0 one-metre quadrats 
restricted to one bedding plane. Histogram of the total 
numerical population showing an anomalously high population 
which can be related to the bias in selection resulting from 
sampling only one bedding plane. The percentage histogram 
of the total population resembles Kiln Port (fig. 22).
1 = solitary corsds, 2 = compound corals, 3 = brachiopods,
4 = bryozoa, 5 = others.
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Figure 20. Histograms.of the total numerical population, 
showing the dominance of entire forms over fragmental 
formso On the fragmental population histogram Streedaÿh, 
Serpent Rock and Easky, in order of declining importance, 
show the greatest density. A similarity of proportions for 
the entire populations is to be seen at Shalwy and Serpent 
Rocko 1 a solitary corals, 2 = compound corals, 3 = 
brachiopods, 4 = bryozoa, 3 = others.
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Figure 21. Percentage histogram for the total population 
showing the dominance of entire over fragmental forms. 
In comparison to the data expressed in figure 19, the 
significance of given forms is accentuated. 1 a 
solitary corals, 2 = compound corals, 3 = brachiopods,
4 = bryozoa, 3 = others.
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Figure 22. Percentage histograms of freigmental and entire popu­
lations. The reverse order of importance of fragmental 
material is to be seen at Serpent Rock and Streedagh, and of 
entire material at Streedagh and Kiln Port. Similar distri­
bution for entire material is seen at Serpent Rock and 
Shalwy. 1 = solitary corals, 2 = compound corals, 3 = 
brachiopods, 4 = bryozoa, 5 = others.
FIG. 23
FR AG M ENTA L P E R C E N TA G E  OF EACH GROUP
EASKY AUGHRIS SERPENT ROCK STREEDAGH KILN PORT SHALWY
lOOi
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Figure 23# Percentage of fragmental material expressed in terms 
of each group. A notable abundance of fragmentsQ. bryozoan 
material is to be seen at all stations except Shalwy. Aughris 
and Serpent Hock show similar population distributions.
1 = solitary corals, 2 « compound corals, 3 = brachiopods,
4 a bryozoa, 5 = others.
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Kiln Port, Shalwy and Aughrus (Co. Donegal)) is indicated in figure l8, 
with the total population as tabulated in the field in Table l6 and figure 
19. To simplify interpretation the genera were subsequently subdivided 
into five groups which seemed to have ecological significance: 1, solitary 
corals, 2. compound corals, 3* brachiopods, 4. bryozoa, and 3* others which 
are plotted on histograms to show the varying proportions of fragmental forms 
as a measure of turbulence. To facilitate drafting these groups are referred 
to by these numbers in all the histograms.
Figure 20 which represents the total numerical population shows a 
distinctly greater density of fragmental forms at Streedagh and Serpent 
Rock; these are closely followed by Easky in fragmental forms suggesting 
that these were the more turbulent areas. Kiln Port and Shalwy have a 
decidedly less dense fragmental population than the Sligo stations and in 
* entire* density are also comparatively sparse, indicating an indigenous 
fauna in less favourable calm seas.
In figure 21 the total population is expressed in a percentage histo­
gram in which a similarity of distribution in forms is just discernible 
though less evident than in figure 20. It is also to be noted that most 
specimens are entire, and of the fragmental fossils brachiopods and com­
pound corals are dominant.
In figure 22 a similarity in proportions of fragmental population is 
seen at Easky and Streedagh, while Shalwy and Serpent Rock show similar 
proportions for entire forms as also seen in figure 21.
In figure 23 the percentage of fragmental material within each group 
illustrates the abundance of fenestellid debris at Aughris, Serpent Rock,
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Figure 24. Inversion ratios of productoid brachiopods (lino- 
productids at Easky, Aughris, Serpent Rock and Streedagh; 
davisiellids at Kiln Port and Shalwy; pustulids at Aughrus 
(Co. Donegal)) expressed in terms of percentage histograms, 
A dominance of inverted forms is to be noted at all 
stations except Aughrus (Co. Donegal).
INVERSION PERCENTAGES IN COMPOUND CORALS
CERIOID L ITHOSTROTIONTIDS
INVERTED
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Figure 23* Inversion ratios of compound corals expressed as 
percentage histograms. Cerioid lithostrotiontids shown for 
Easky, Aughris and Serpent Rock are dominantly upright. 
Fasciculate lithostrotiontids at Easky, Aughris, Serpent 
Rock and two horizons at Streedagh, and the syringoporids 
of Shalwy show a less pronounced dominance of upright forms.
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Streedagh and Kiln Port. Aughris and Serpent Rock show a similar general
population reflecting similar conditions of turbulence affecting the area 
despite initial difference in the faunal proportions seen in figure 21» 
Shalwy, as in figure 20, appears to have a comparatively small fragmental 
population in which the chief constituent is gastropods.
Inversion ratios shown in figures 24 and 23 suggest mild turbulence 
in all areas, as more than 75 per cent of brachiopods are inverted at all 
stations, while the corals are dominantly upright. Among the brachiopods 
no single sub-family is present in all areas. In order to approximate 
similar hydrodynamic properties the larger forms of comparable profile 
were selected. Of necessity this resulted in the following forms being 
studied: linoproductids at the four Sligo stations, davisiellids at Kiln 
Port and Shalwy, and less desirably pustulids at Aughrus (Co. Donegal).
The state of preservation did not allow for the determination of whether 
or not the valves were joined, but since the adductor muscles contract on 
death it is unlikely that this would be of great significance. In relation 
to the shell profile the brachiopods are described as upright when the 
pedicle valve is convex downwards on the bedding plane. Aughrus (Co. 
Donegal) appears to be unique in this study (fig. 24). The significance 
of the data seems to be related to the abundance of sturdy spines for 
anchorage present only in the pustulids, while the linoproductids and 
davisiellids are unattached forms more susceptible to current traction. Of 
the compound corals the cerioid lithostrotiontids with the wider apical 
angle and generally more massive corallum is more stable than the fascicu­
late lithostrotiontids. Similarly the syringoporids of Shalwy are seen to
PERCENTAGE OF GENICULATE CANINIIDS FIG. 26
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Figure 26. Ratio of straight to geniculate caniniids expressed 
in terms of a percentage histogram for Easky, Aughris, Serpent 
Rock and three horizons at Streedagh. At all stations except 
Easky geniculate forms are dominant, notably at Streedagh.
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be comparable with the fasciculate lithostrotiontids as a measure of 
stability»
The proportion of geniculate to straight caniniids shown in figure 
26 suggests that attachment of these forms to a soft lime substratum would 
not be sufficient to support the giganteid forms, which, while sinking, 
would tend to grow upwards towards the light. Three horizons are given 
for comparison at Streedagh (fig. 26) showing a uniformity which is not 
seen in the coral inversion ratios (fig. 23) for the same area. This 
relationship would appear to have no direct correlation with the size of 
the corallum or the species present.
The details of the Aughrus (Co. Donegal) (fig. 19) fauna show closest 
similarity with the fauna of Kiln Port (fig. 20). Though the faunal list 
makes a striking contrast this can, in part, be attributed to the bias in 
selection resulting from sampling only one bedding plane. Caniniids and 
syringoporids, though not abundant, are to be found at this locality. Like­
wise euomphallids and Conocardium, which are not listed, also occur at 
the Donegal stations, though the latter is absent from the Sligo stations.
To attempt current analysis, orientations of crinoid stems (fig. 27) 
from localities near the stations were recorded as well as umbonal orien­
tations in inverted productoid brachiopods (fig, 28), and the orientation 
of geniculate caniniids (fig. 29). In each instance one hundred readings 
were taken on a single bedding plane at each locality, and the vertical 
and horizontal distance between the three types of orientation was restricted 
to the minimum possible.
In figure 27 the long axes of crinoid columnals is recorded and the 
splays illustrated generally accord with those described by Schwarzacher
f i g . 28
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(1963, p.381). The current directions that might be deduced from these 
data do not appear to show any constant relationship with the azimuth of 
vector mean. Thus in nos. 4, 6 & 7 the current directions may be inter­
preted as parallel to the azimuth of vector mean, while in nos. 3, 8, 10 
& 13 it is perpendicular to it, and in nos. 11 & 12 it would seem to be 
oblique to this direction. Where there is an overall radial splay, as in 
no. 12 which records considerable quantities of fine pinnules, it is 
suggested that calm conditions with no prevalent current may be inferred.
No experimental work has been undertaken on the orientation of brachio­
pods since several people are knov/n to be working on this subject already. 
The orientation recorded is the direction in which the umbones point in 
the inverted forms studied in figure 24, Comparison of the statistical 
data embodied in figures 27 and 28 would, however, suggest that unless 
there is a marked change in current directions between these records a 
significant correlation between the following pairs may be deduced: figure 
27 no.l and figure 28 no.l; figure 27 no.8 and figure 28 no.4. In these 
cases the umbones are directed oblique to the current directions inferred 
from the orientation of crinoid columnals. This seems a likely direction 
having regard to the profile of an inverted davisiellid. If this hypothesis 
proves to be valid it is of further interest to note that the general 
constancy of current direction (WNW-ESE) deduced by Schwarzacher (I963, 
p.381) from the Dartry Limestone accords with the inferred directions from 
the Ballina Limestone (fig. 27 no.10 and fig. 28 nos.9 & 10) and Serpent 
Rock (fig. 28 no.8).
The factors controlling the orientation of geniculate caniniids are
F IG  29
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more difficult to appreciate. The caniniids are tempting to employ as 
indicators of current direction only on account of their comparative 
ubiquity. Hydrodynamically they are not a suitable group to refer to 
without considerable experimental knowledge. The length is variable from 
small forms, less than a foot long, to the giganteid specimens up to 
33 inches long. The diameter superficially appears to vary in proportion 
to the length, while its conate profile is so elongated that its influence 
may be negligible. The degree of geniculation by contrast varies con­
siderably and with no obvious correlation with any of the variables 
mentioned. In the rose diagrams plotted in figure 29 the directions in 
which the geniculation points is recorded.
The results are variable and inconclusive but never suggest transport 
from the south, thus generally supporting the palaeogeographical recon­
struction presented by George (1938), This pattern is one which might be 
expected in an area with such a uniform population density and lack of 
evidence of channelling.
c « Environment
The fauna outlined above may be described in terms of Hill's (1948, 
p.121) three coral associations. She showed these to have different mor­
phological characters which varied according to the environment. Thus by 
analogy with present day faunas she reaches the conclusions tabulated 
(Table 1?).
In figure 30 the populations of this account are plotted on a 
triangular diagram whose apices represent Hill's coral associations. This 
diagram supports her statement that solitary Hugosa with dissepiments are 
found associated with the compound Hugosa, but rarely with the Cyathaxonia
FAUNAL CHARACTERISTICS MODERN ANALOGY AND ENVIRONMENT •
I Cvathaxonia Fauna
small, solitary, non-dissepim ented 
forms.
small, solitary, corals 
cold, deep or murky sea.
II Compound Ruqosa & Chaetetida. reef corals.
warm, shallow, pellucid sea
Ill Solitary Ruqosa with dissepiments 
(chiefly caniniids & clisrophyllids.)
Intermediate between I & II.
Table 1?. Hill's (1948) three coral associations tabulated 
to show the relationship between the faunal characteristics 
and the modern analogy and environment.
• entire
FIG, 30 o fragmentalAughrus
(Co. Donegal )
Kp/ /Easky fShalwy 
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Figure 30# The coral populations of Easky, Aughris, Serpent Rock, 
Streedagh, Kiln Port, Shalwy and Aughrus (Co. Donegal) are ex­
pressed in terms of Hill’s three corsil associations showing 
that the entire forms belong to the solitary Rugosa associa­
tion.
I. Cyathaxonia fauna: small, solitary, non­
dissepiment ed forms.
II. Compound Rugosa and Chaetetida.
Ill# Solitary Rugosa with dissepiments (mainly 
caniniids and clisiophyllids).
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Plate 102. Bedding plane view of the rapid vertical change from the 
lower stratum, dominated by caniniids, to the overlying fascicu­
late lithostrotiontid- thicket. Serpent Rock. Scale: hammer 
shaft is thirteen inches long.
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fauna. In generalised terms the total fauna may be ascribed to her inter­
mediate fauna of solitary Rugosa. However, when the beds are studied more 
closely, it would appear that there are alternations of compound and 
solitary Rugosa faunas within a few feet as illustrated in figure 31 and 
Plate 102.
The palaeoecological conclusions quoted by Wells (in 1957» P*77^) 
have, until recently, been accepted widely for the limitation of rugosan 
habitats. Thus by analogy to present day, non-surface, essentially 
lagoonal reef corals he states that the ecological niche has the following 
parameters: 1. a maximum depth of about 30 metres; 2. well within the 
pellucid zone; 3« annual minimum temperature of l6-21°C.; 4. well oxygenated, 
gently circulating waters; 3* on a substratum clear or relatively free from 
rapid sedimentation, but not necessarily in clear non-turbid waters.
Teichert (1938, p.1064), however, reminds us of Dons* (193^) and 
Shott’s (1926) works in giving an account of cold deep water coral banks 
which are alive to-day off the coast of Norway. Thus he divides the modern 
scleractinian corals into two major ecological groups: the first of these, 
the Hermatypic, which are dependent on the symbiotic flagellates, the 
zooxanthellae, and consequently restricted to an annual minimum water 
temperature of l8.3°C., and 300 feet depth. Teichert*s second group of 
Ahermatypic scleractinian corals are not dependent on the zooxanthellae, 
and are therefore not restricted to the pellucid zones. These Hermatypic 
conditions would appear to be similar to those outlined by Wells (op.cit.). 
The degree of tolerance of the Ahermatypic &roup is wider, members having 
been recorded at depths of up to 20,000 feet, and temperatures as low as 
-1.1°C., though the majority occur at depths of 600-900 feet.
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Teichert (1958, P0IO73) concludes that the best measure of depth 
is the presence of calcareous algae which are not found below I30 feet.
From comparison with the environments and biota tabulated (ibid., p.
1076) it would appear that the fauna described herein probably belongs to 
Teichert*s category number 1. In this few species of frame building 
coelenterates with rich invertebrate association and absence of calcareous 
algae are recorded. This category is found in deep and cool waters, shelf 
or bay environments, within the temperature range of the dysphotic zone 
of the tropical belt to the polar regions. This contrasts with his 
category number 4, in which a rich assemblage of frame building coelen­
terates, in association with a rich invertebrate fauna, with the addition 
of abundant calcareous algae, is attributed to shallow warm waters in open 
shelf to near shore environments of the tropical belt. Calcareous algae 
are not obvious in the Irish coral limestone populations described here, 
though their presence has been noted elsewhere in the succession both above 
and below this horizon. This would suggest that the environment was probably 
marginal to the tropical dysphotic belt.
The development of conspicuously fossiliferous bedding planes alter­
nating with less fossiliferous bands has been attributed by Broadhurst 
(1964, pp.886-887) to the rate of sedimentation and the associated amount 
of bottom turbulence in the non-marine Coal Measures. On this view each 
fossiliferous plane represents a phase of restricted sedimentation.
Teichert (1958, p.1075) states that bioherms may show signs of sudden 
extinction, in which the destruction of the coral frame results from the 
attack of boring organisms, yet evidence of wave destruction is absent.
He continues by saying that though this might be regarded as evidence of
Plate 103• PosthimouG auloporid encrustation on the pedicle valve of an 
inverted davisiellid. Rinn Point Beds, Muckros Head. Scale: coin is 
one inch in diameter.
Plate 104. Posthumous boring of the pedicle vsilve of a transported 
davisiellid. Rinn Point Beds, Muckros Head. Scale: coin is one 
inch in diameter.
Plate 103* Fasciculate lithostrotiontid^ coppice showing freigmental litho­
strotiontid corallites in the lower portion of the stratum from which 
one large upright lithostrotiontid^ corallum protrudes. Streedagh Point. 
Scale: hammer shaft is thirteen inches long.
Plate 106. Appeirently commensal association of caniniids and a litho­
strotiontid^ thicket. Serpent Rock. SceüLe: coin is one inch in diameter<
Plate 107. View of the upper surface of a iyringoporid colony showing 
circular voids in the coral skeleton which are thought to be the 
trace fossil of a soft bodied commensal. Rinn Point Beds, St. John's 
Point. Scale: maximum dimension of the corallum is 15 inches.
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subsidence and consequent "drov/ning” of the reef, it might equally well 
result from the elevation of the sea floor above the level of tolerance 
of the corals. In these beds there is evidence of extensive burrowing in 
both horizontal and vertical directions. From the infill of the burrows 
it is apparent that there was a variation in the nature of sediment 
supplied. There is also abundant evidence of auloporids encrusting 
brachiopods (Plate 103), caniniids, and even occasional syringoporids, 
not infrequently in the position of growth, at Sbalwy, Kiln Port and Fasky. 
Another feature, which together with the auloporid encrustations, might be 
interpreted as a sign of a decline in sedimentational rate is the common 
occurrence of bored brachiopod valves (Plate 104).
The fasciculate lithostrotiontid associations may chiefly be des­
cribed as thickets, though occasionally there is evidence of coppice 
(Plate 103) development (Squires, 1964, pp.904-906). An unusual relation­
ship is seen in one place at Serpent Rock where caniniids have been observed 
penetrating a fasciculate lithostrotiontid colony (Plate IO6); this appears 
to be a commensal association. A similar relationship between two fascicu­
late lithostrotiontids (l & 2) is seen high in the succession at Streedagh 
Point «
An analogous commensal association in the syringoporid coral population 
(Plate 107) is found in the Rinn Point Beds of St. John's Point. The voids 
in the coral framework appear to be the products of a soft bodied organism 
of which there is no trace. In section these voids do not transect the 
corallites but are aligned parallel to them, thus excluding the possibility 
of their origin being attributed to boring organisms. There are two sizes 
of voids which seem to be preferentially associated with two different
Plate 108• Close-up of an inverted cerioid lithostrotiontid colony 
showing a horizontal trail to the right of it. From the same 
bedding plane as Plate 100. Scale: coin is one inch in diameter.
Plate 109. Plane of marine abrasion showing mixed ûaniniid, fasciculate 
lithostrotiontid^ corallum, lithostrotiontid2 fragments and lino- 
produc tids. Easky Pier. Scale: coin (near centre of field) is one 
inch in diameter.
Plate 110. Bedding plane view of prolific fasciculate lithostrotiontid2 
and occasional linoproductids adjacent to Plate IO9. Easky Pier. Scale: 
coin is one inch in diameter.
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Figure 32* The populations are summarised in terms of the three 
dominant ecologically significant groups: brachiopods, compound 
corals and solitary corals. A close similarity is seen between 
the entire forms of Shalwy, Aughris, Streedagh and Serpent Rock; 
while a secondary less conspicuous group is formed by Easky, 
Kiln Port and Aughrus (Co. Donegal). Of the fragmental popu­
lation Streedagh, Easky and Serpent Rock are particularly 
similar, with Kiln Port and Aughris showing a certain amount of 
similarity while Shalwy remains anomalous.
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species of syringoporids. The syringoporid with the larger corallites 
and associated larger voids is illustrated, but a homologous smaller form 
with the associated syringoporid having narrower corallites is also found. 
The voids, subsequent to the demise of the incumbents, are filled with 
biomicrite which contrasts with the micritic matrix of the main skeletal 
framework.
The cerioid lithostrotiontids, by contrast, seem to have an unsociable 
habit, commonly occurring on separate bedding planes from the other faunas 
where there is a distinct paucity of other fossils save trace fossils.
The individuals thus appear as well separated colonies (Plates 100 & 108) 
in bioturbated biomicrites. An exception to this rule is seen near Easky 
pier (Plates IO9 & llO) where the coral-brachiopod fauna is notably mixed, 
containing lithostrotiontids (fasciculate and cerioid), chonetids, pustulids, 
productids, and even rare caniniids which would suggest that the fauna may 
in part be transported.
The population is summarised in terms of the dominant ecologically 
significant groups in figure 32. In entire population close similarities 
are seen at Shal^ vy, Streedagh, Serpent Rock characterised by a dominance 
of solitary corals, and a few compound corals and brachiopods, indicating 
calm well aerated shallow seas. Aughris and Easky have fewer solitary 
corals but have more compound corals and brachiopods respectively, sugges­
ting that more stable forms were tolerant of a somewhat greater turbulence. 
Kiln Port and Aughrus (Co, Donegal) are anomalous in showing a marked pre­
ponderance of brachiopods over all other forms. The fragmental populations 
at Easky, Streedagh and Serpent Rock have marked similarity with a decrease
9 3
in the number of both solitary and compound corals present. This may 
represent a fauna which has been transported farther from the source of 
the coralline material. It may be suggested that Streedagh, Serpent 
Rock and Shalwy represent solitary coral biostromes in quiet seas while 
Aughris was on the rougher seaward side sustaining a greater proportion 
of hydrodynaraically more stable forms. Kiln Port may represent more muddy 
seas with a vagrant benthonic fauna of brachiopods which developed on the 
landward side of a coral biostrome where a more restricted circulation 
would not favour coral growth. , •
Easky, Serpent Rock and Streedagh may thus be regarded as an inshore, 
and Aughris a farther seaward facies of a coral biostrome. These con­
clusions support the palaeogeography postulated by George (193Ô).
d. Conclusions
Variations in environment are clearly not the sole factor since 
there are pronounced faunal differences between the Donegal stations and 
those of Sligo. Thus in general the Donegal fauna consists of syringo­
porids, micheliniids, a relatively narrow caniniid and davisiellids which 
are replaced by fasciculate and cerioid lithostrotiontids, giganteid 
caniniids and linoproductids in Sligo. It is not yet known whether these 
represent niche biotas of different faunal provinces or whether, more 
probably, they represent different stratigraphical horizons. In the Sligo 
stations the former association can be traced low in the succession. 
Additional support for the latter argument has been reached independently 
on lithological and micropalaeontological grounds (fide W.F. Hubbard
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& D.J.R. Sherridan; and R.W.L. Oldroyd; in press). However, it might 
be argued that the variation results from a diachronous northward migration 
of faunas. It remains to be seen whether detailed macropalaeontological 
and micropalaeontological dating may elucidate this problem. The tentative 
dating of these outcrops is given in the discussion of the stratigraphical 
correlations (pp, 1(4- iz%) .
Environmentally it would appear that the Sligo fauna represents a 
similar ecological niche to that of Donegal; having developed marginally 
between the dysphotic tropical belt and shallow warm waters of the open 
shelf. The Sligo fauna is not present in the Donegal assemblage, yet 
occasionally Donegal members are still present in the Sligo fauna indi­
cating that the dominant incoming fauna had not entirely excluded the 
earlier forms. It is suggested that there is a general replacement of 
syringoporids by fasciculate lithostrotiontids, micheliniids by cerioid 
lithostrotiontids, narrow by giganteid caniniids, and davisiellids by 
linoproductids. Each of these pairs, being analogous forms, would appear 
to occupy the same ecological niche. The greater density of the Sligo 
fauna would suggest the attainment of more favourable conditions during 
the later Visean by when the Carboniferous marine transgression had 
become established.
*
This is further substantiated by the discovery of occasional 
dibunophyllids at the base of Unit II of the Streedagh Point 
Succession at Streedagh Point (personal communication, O.A. Dixon).
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8. PALAEOENVIRONMMTAL CONCLUSIONS
The somewhat unsatisfactory conclusions deducible from the analysis 
of these six coastal successions is a reflection of the restriction of 
comparable horizons. Hereafter the reappraisal of the stratigraphical 
significance of these horizons is discussed in some detail. Meanwhile 
the environmental conclusions are grouped under two outstandingly con­
trasting stratigraphical horizons. The Donegal and Sligo successions are 
regarded as low and high members of the Visean succession respectively.
a. Co. Donegal
The Donegal sediments reflect a high energy index in which there is 
abundant evidence of a nearer shore type of biota than in the Sligo 
successions. Thus algae suggesting pellucid conditions, echinoids, gastro­
pods and ostracods form a notable part of the sediment.
In the western region, about Muckros Head, there is evidence of 
renewed erosion of the hinterland providing a further influx of detrital 
quartz towards the top of the Rinn Point Beds reaching its acme during 
Muckros Sandstone times. Further east the St. John's Point outcrop is 
less affected by this, though its influence can be traced to the lower 
part of the Muckros Sandstone where the elastics form an important com­
ponent, though in general a more marine biota is recorded. The abundance 
of algae testify to pellucid conditions throughout the time of deposition, 
though the other elements, notably the decline in abundance of echinoids 
and increase in brachiopods and foraminifera, would suggest an increase 
in distance from the source.
In the type section of the Ballyshannon Limestone Group, yet further
FIG. 33
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south-east, the arenaceous facies is not represented* In its stead a 
similarly well winnowed organic grainstone is recorded. Thus a northerly 
and westerly marine transgression may be inferred.
b. .Co. Sligo
The detailed analysis of the successions in two separate districts, 
approximately ten miles apart, is inadequate for palaeogeographical recon­
struction, since a three dimensional appreciation is impossible. The en­
vironmental conclusions pertaining to each of the sedimentological units 
are recorded along with their description. Their assemblages are shown to 
belong to environments marginal between the dysphotic tropical belt and 
shallow warm waters of the open shelf flanking a basinal environment.
In figure 33 the two successions are analysed in terms of their energy 
index. Despite the debatability of the significance of this diagram, on 
account of the problems of stratigraphical correlation hereafter discussed, 
there seems to be a significant contrast between the two successions. In 
N.W. Co. Sligo there is considerably less variation in the energy index 
than in N.E. Go. Sligo. If the correlation is valid this suggests that 
N.E. Co. Sligo probably lay nearer the marginal area. Thus in the shallower 
waters any slight change in depth is recorded rapidly in the sedimentary 
history. Accordingly N.W. Co. Sligo may be inferred to be nearer a basinal 
environment and N.E. Co. Sligo nearer a shelf environment. Both areas show 
an overall change from calm to more turbulent waters as the sequence is 
ascended; thus suggesting a southward migration of the shelf environment 
possibly accompanied by a shallowing of the basin of sedimentation*
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The rapid alternation of more and less lime rich strata is not only 
of secondary origin. The fauna and bioturbation reflect variable con­
ditions of sedimentation thus further substantiating Bott's (1964) con­
tention for the necessity of a major factor to explain the sedimentary 
sequence such as he propounded*
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IV. SUPPLEMENTARY DATA FROM BORE-HOLE CORES AND INLAND AREAS
1. Lurganboy
The Lurganboy area (Plate A) formed the crux of previous argument 
by the Glasgow research school in favour of the Ox arch (Oswald, 1933,
P . 1 & 7 ;  Caldwell, 1 9 3 9 ,  p.l80). The concept of a positive Ox element 
is now retained though its form is revised (p. f39 ) in the light of 
further information; its spatial distribution extended and its temporal 
span restricted.
Evidence from the bore-hole cores, whose details are outlined 
in Plate M, vitiate Oswald’s (1933, p.l?2) hypothesis of the thinning 
of the Ballyshannon Limestone towards the east. Since mining company 
records reveal a thickness of some 966 feet of Lower Limestone to be 
present in this area, this thickness contrasts strongly with Oswald’s 
calculation that the combined thickness of the Ballyshannon Limestone 
and Mullaghmore Sandstone is only ^00 feet in this district as compared 
to 1,400 feet elsewhere in the Sligo Basin. Thus Oswald’s estimate 
is discredited.
2. Rosses Point
Oswald (1933, pp.170 & 181),commenting on the apparent absence 
of conglomerate or sandstone, cites this locality as a horst within the 
basin of sedimentation. This view is retained in a modified form.
Oswald apparently regarded the Ox arch and Rosses horst as two separate 
blocks. The overall scantiness of the basal arenaceous phase in this 
area does not suggest that these blocks were discontinuous, and consequently
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an extensive Ox horst is envisaged.
Placer Development Co. Ltd. records (Plate M) reveal the contact 
between the Carboniferous and Pre-Cambrian to be at some l60 feet 
below ground on Rosses Upper townland. The nature of the junction is 
uncertain. It is debatable whether the contact with the basement is 
faulted or unconformable. The advanced stage of dolomitisation together 
with absence of diagnostic marker bands precludes precise correlation 
of this thin succession with the records of the Ballysodare and Lurganboy 
bore-hole cores. Much of the dolomitisation is of diagenetic origin 
which might suggest that its development is associated with faulting.
Thus it is conceivable that a truly arenaceous basal phase, if developed 
in this area, may have been cut out by faulting* though highly altered 
relict orthids, fragmental syringoporids, and gastropods together with 
occasional quartz pebbles are found in the bore-hole cores both here and 
at Ballysodare. The lithology is thus comparable with the lower portions 
of the Ballysodare and Ballyshannon successions. Accordingly it seems 
probable that the contact may well be faulted, though the magnitude of 
the displacement is not determinable and would appear to be small.
Unless the development of the basal arenaceous phase is in fact 
considerably greater than is here imagined, it would seem probable that 
Rosses Point lay at a greater distance from the source than either 
Lurganboy or Ballysodare, both of which have considerably greater thick­
nesses of arenaceous sediments recorded at the base of the succession. 
Only at Ballyshannon, where there is a notably poor development of the 
basal arenaceous phase, can a mature hinterland be deduced. Southwards 
and westwards of Ballyshannon there is an increase in thickness and
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grain size of the basal arenaceous sediments. The discontinuous develop­
ment of this facies in the region of the present day Ox Mountains, 
which tends to be better developed in a westerly direction, suggests 
an unequal supply of sediment. This might be attributed to some form 
of subsiding archipelagic islands. The occurrence of subconglomeratic 
basal beds encountered from Red Hill westwards suggests a concomitant 
increase of the extent and relief of the source area in a westerly 
direction.
3* Ballysodare
The unconformable contact of the Carboniferous on the Pre-Cambrian 
basement is recorded by the Abbeytown Mining Co. Ltd. at some 305 feet 
below ground on Abbeytown townland. The succession (Plate M) can be 
shown to have only an approximate correlation with that recorded at 
Lurganboy only fifteen miles away. The most notable contrast lies in 
the thinness of the basal arenaceous development at Ballysodare.
4. Red Hill, Skreen
Drilling was undertaken by Dolan & Creelman Titanic Construction 
Co. Ltd. at several places in this area during autumn I963. Members of 
the company at that time offered to supply stratigraphical information 
but have failed to respond to subsequent enquiries. Consequently the 
information is somewhat unsatisfactory since the stored bore-hole cores 
from which it was compiled were somewhat overgrown and inadequately 
localised.
On Red Hill coring was oblique and penetrated some 395 feet of 
sediment but did not reach the basement. At just over 17O feet dolomite
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Plate 112. The extent of exposure of the Doonflin Waulsortian knoll, 
Doonflin Upper townland, viewed from the south. The outcrop is 
bounded by two faults (dashed ink lines), while the foreground is 
occupied by basal Carboniferous conglomerate.
Plate 113* Close-up of the scarp face of the Doonflin Waulsortian 
knoll viewed from the south. The shaft of the hammer is parallel 
to the depositional dip. Scale: hammer shaft is thirteen inches 
long.
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are both cut-and-fill and penecontemporaneous structures. The paucity 
of the fauna, other than comminuted elements, together with the presence 
of finely disseminated pyrite, suggests somewhat anaerobic conditions. 
Accordingly penecontemporaneous sliding seems a more probable origin of 
the Doonflin structures than one involving turbulent waters. It is 
tempting to conclude that there is some evidence of instability in the 
region of the Ox horst, at this time prior to the onset of uniform 
conditions throughout Ireland in Dartry times.
The overlying beds on Red Hill have an entirely different lithology 
and fauna. These consist of wavy bedded, light grey, crinoidal micrites 
yielding a prolific comminuted and sporadically developed entire fauna 
of syringoporids, fasciculate lithostrotiontids (not infrequently in 
position of growth), caniniids, productids and linoproductids with 
occasional quartz grains and cherty developments. Thus a considerably 
better aerated environment with a higher proportion of indigenous forms 
is reflected by these sediments than the sediments below them.
3# Doonflin Calcite Mudstone 'Reef*
In spring I892 J.R. Kilroe noted on his field map at a locality 
in Doonflin stream half a mile due south of the main Sligo - Ballina 
road on Doonflin Upper townland (fig. 35, Plates 112 & II3) "Crags of 
light gray amorphous limestone totally different to any in the district. 
Like the limestone under the coal measures at Daleek, west of Drogheda”.
It seems probable that the structural relationships of the area may 
be more complex than those illustrated in figures 35 and 37 but the ground 
is not well exposed. These beds are comparable in lithology with the
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Glencar Limestone (p. iZl) with which they probably approximately equate 
stratigraphically. The presence of the V/aulsortian knoll is of interest 
irrespective of the age of the beds. Such structures have been attri­
buted, in general, to marginal development in aerated waters (Earp et al., 
1961, p.47). Not infrequently the presence of such 'reefs' or Waul­
sortian knolls has been related to the structural control of a positive 
area on sedimentation. George (1953, p.72) cites the Ox anticline as 
influencing 'reef development in the Sligo area, while Caldwell (1959, 
p.173) extends this hypothesis to account for the relationship of the 
Carrick 'reefs' to the Curlew anticline, though more recently the latter 
(1963) doubts his earlier conclusions. Thus this chance exposure may 
be regarded either a relic of a more extensive swarm of Waulsortian mud- 
bank knolls, or perhaps more probably a more significant isolated knoll 
developed in close proximity to the West Derkmore Fault.
6. Anomalous Isolated Inland Exposures between Ballysodare & Dromore West 
Bowes (1957, p.55) comments on the presence of arenaceous, oolitic, 
shelly, crinoidal and dolomitic limestones reflecting an abnormal facies 
of the Ballina Limestone near the Ox Mountains. These sediments have 
not yielded a diagnostic macrofauna thus the stratigraphical significance 
of these isolated exposures in a drift covered, sometimes bog clad, district 
remains uncertain at least until a detailed micropalaeontological study 
of each individual locality is undertaken. Of the dolomitic limestones 
found there was no evidence to suggest that any of them was not a 
secondary dolomite developed in association with faulting as is common 
elsewhere in the region*
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It is equally plausible to argue that, in the vicinity of such 
a major fault complex as the Ox Mountains Fault wedges of Carrowmoran 
or Basal Sandstones could be trapped in minor fault wedges between 
the main Pre-Cambrian and Carboniferous outcrops. Evidence of such 
wedges is found further east at Bellahedrid and Lurganboy. Oswald 
(1952) describes the former wedge near Ballysodare, where a narrow 
outcrop of Ballyshannon Limestone occurs between the main Dartry Lime­
stone and Pre-Cambrian outcrops. Similarly in the Lurganboy district 
(p.136") various horizons occur in small fault blocks between the 
neighbouring Glencar - Dartry Limestone and Pre-Cambrian outcrops.
rPlate ll4. Close-up of a bedding plane to show the deceptive effects 
of weathering on micrite surfaces. Various trails are to be seen 
on the fresh surface, notably a four foot long burrow which can be 
traced from the coin to the bottom right hand comer of the photo­
graph; yet they are not seen in the contiguous, darker, more in­
tensely weathered surface. Unit X of the Serpent Rock succession 
at the foot of Knocklane Castle, Ballyneden townland. Scale: coin 
is one and a quarter inches in diameter.
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V TRACE FOSSILS
1. INTRODUCTION
The abundance of well preserved trace fossils, notably in the Lower 
Shalwy Beds of Co. Donegal, is remarkable. A fairly high rate of depo­
sition must have been effective to produce the rapid burial necessary for 
the preservation of these structures.
It is apparent that certain fossil assemblages are representative 
of different facies. This is most obvious in the comparison of the 
sandstone and limestone assemblages, but it is also true in the case of 
subgroups within these major lithologies.
In the sandstone the preservation of trace fossils depends not only 
on rapid burial but also on small differences in the lithology of the 
trace fossil and its matrix. The same principle applies to the preser­
vation of trace fossils in a,carbonate rock; though the differences between 
the trace fossil and its matrix, being even finer, result in a less dis­
tinctive structure. Accordingly it is most advantageous that the right 
stage of weathering is found for the trace fossils to become apparent 
(Plate ll4). Where the surfaces are fresh, or weathering is too intense, 
the trace fossil is obscured; only the optimum weathering revealing the 
true profusion of tracks, trails and burrows. Similarly the optimum 
lighting conditions are necessary for their appreciation. Often the 
greatest detail is visible when the sun is low in the sky, while either 
bright or wet conditions render the trace fossils almost invisible.
Plate U5# Bedding plane view of giganteid burrows in the on-delta facies 
of the Lower Shalwy Beds at Shalwy. The burrows are more than an inch 
in diameter, and commonly can be traced through a sinuous length of 
eighteen inches. Scale: coin is one inch in diameter.
Plate 116. Simple subparallel, elevated trails in the Muckros Head out­
crop of the Lower Shalwy Beds showing two generations crossing one 
another at right angles. Scale: coin is one inch in diameter.
Plate 117* Bedding plane view of Rhizocorallum Zenker in carbonaceous 
siltstones of the on-delta facies of the Lower Shalwy Beds at 
Shalwy. Scale: coin is one inch in diameter.
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2. ARENACEOUS FACIES
a* Deltaic or on-dalta assemblages
Only one of the trace fossils found might be of terrestrial origin. 
This is a giganteid burrow (Plate 115), about one and a half inches in 
diameter, often sinuous with a recorded length of two feet, and comprising 
a series 6f depressed cones. The cones were probably produced by the 
alternating longitudinal contraction and expansion of the occupant as it 
moved forwards. These burrows are recorded in sediments that might be 
regarded as having a terrestrial origin, since they are found in the 
Lower Shalwy Beds at Shalwy close to a lepidodendrid root system which is 
believed to be in situ. A similar occurrence of these burrows is recorded 
in the same horizon at Muckros Head.
Plate ll6 shows a series of subparallel raised elements in sand­
stones of the Lower Shalwy Beds at Muckros Head. Evidently there are two 
generations of structures, the elder of which may be traced from top left 
to bottom right, and the younger which transect them almost at right 
angles. Were these depressions, not elevations, their explanation by 
trailing floating material would be simple. They have a remarkable con­
stancy of direction and a uniformity of structure throughout their length, 
and no trace of associated organic material, hence their origin remains 
unexplained.
Plate 117 shows a simple bedding plane view of U-shaped, sandy, 
horizontal trails ascribed to Rhizocorallum Zenker in a carbonaceous 
siltstone matrix found in the Lower Shalwy Beds of Shalwy.
Plate 118 • The undersiirface of a calcareous sandstone bedding plane 
riddled with Chondrites Sternberg in the Upper Shalwy Beds of Shalwy. 
Scale: concretion is three inches in diameter.
Plate 119. View of the undersurface of a bioturbated bedding plane com­
prising cf Saporta Squinabol in the sandy transitional deltaic peri- 
deltaic facies of the Upper Shalwy Beds at Shalwy.
Plate 120. Mixed trace fossil 
assemblage of cf Diplocra- 
terion Torrell, cf Coro- 
phoides Smith and horizon­
tal burrows in alternating 
quartzites and sandy silt- 
stone s of the transitional 
deltaic perideltaic facies 
of the Upper Shalwy Beds at 
Shalwy. Scale: coin is one 
inch in diameter.
Plate 121. The undersurface of a calcareous sandstone bed in the tran­
sitional deltaic perideltaic facies of the Upper Shalwy Beds at 
Shalwy illustrating an unidentified trace fossil reminiscent of 
Asterosoma von Otto together with Stellascolites Etheridge. The trace 
fossil is circa seven inches in diameter with seven pairs of dicho­
tomising stellate bulbous radii. The matrix is composed of highly 
bioturbated material which is presumably the result of subsequent 
activity since it also occupies the core of the radii.
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b. Transitional deltaic perideltaic assemblages
Allusion has been made to the profusion of trace fossils in the 
delta front platform deposits. These are particularly well illustrated 
by the Shalwy Beds at Shalwy.
Plate 110 shows the ubiquitous Chondrites, which is by no means 
restricted to this facies, being quite often recorded in the off-shore 
mud-zone and off-shore clear-water deposits.
Plate 119 records the under sur face of a bedding plane, in the Upper 
Shalwy Beds of Shalwy, comprising bioturbated sandstones riddled with 
cf. Saporta Squinabol.
Plate 120 illustrates a mixed assemblage of cf. Diplocraterion 
Toreir,?., of. Corophoides Smith and a horizontal burrow in alternating 
quartzites and sandy siltstones of the Upper Shalwy Beds at Shalwy.
Plate 121 poses a problem in that the trace fossil featured is not 
only unrecorded in the treatise but inaccessible. Only three other 
specimens of this are known, all recorded on the same inaccessible 
bedding plane within a few feet of one another. The number of radial 
elements is not constant, but this might be attributed to the state of 
preservation and the plane visible. It is reminiscent of certain features 
of Asterosoma von Otto and cf. Stellascolites Etheridge. The trace 
fossil is circa seven inches in diameter, with from five to seven 
dichotomising, stellate, bulbous protruberances with a conspicuously 
smooth surface. The radial elements are elevated towards the centre and 
increase in width towards the periphery. The centre is invariably con­
fused by the surrounding simple, tubular, sinuous trace fossils. 
Presumably the occupant rested on the sea floor with its radii splayed
Plate 122. Bedding plane of cf Fucusopsis Vassoievitch in the off-shore 
mud-zone assemblage silty horizons of the Carrowmoran Sandstone at 
Polnadiwa, Carrowmacrory townland. Scale: coin is one inch in diameter.
Plate 123. A micrite bedding plane riddled with cf Siphonites Saporta 
in the off-shore mud-zone facies of the Carrowmoran Sandstone. 
Scale: coin is one inch in diameter.
Plate 124, Bedding plane view of a mixed trace fossil assemblage 
of Chondrites Sternberg, Teichichnus Seilacher, and cf Siphonites 
Saporta in impure micrites of the off-shore mud-zone facies of the 
Carrowmoran Sandstone, Scale: coin is one and a quarter inches 
in diameter.
%
Plate 125, Bedding plane view of Scalar it uba Weller in micrites of 
Unit IX of the Streedagh Point succession. Scale: coin is one and 
a quarter inches in diameter#
fPlate 126, Close-up of a bedding plane view of the rodding in the 
biomicrites of Derkmore shore, Co. Sligo* Scale: coin is one 
inch in diameter.
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out from a centre, moving the radii around to produce the bulbous 
protruberances. The symmetry is problematical as it is not diagnostic 
of any phylum, though it is conceivable that the anomalous number of 
radii might result from the retraction of one radius and its insertion 
nearby causing some confusion.
3. CARBONATE FACIES
a. Off-shore mud-zone assemblage
The trace fossils of this facies are best illustrated by reference 
to the Carrowmoran Sandstone. Chondrites and cf. Fucusopsis Vassoievitch 
(plate 122) are the dominant forms. But Siphonites Saporta (Plate 125) 
and assemblages of Chondrites Sternberg, Teichichnus Seilacher, and cf. 
Siphonites Saporta (Plate 124) occur in the more calcareous, fine grained 
horizon.
b. Off-shore clear-water assemblage
In addition to the ubiquitous Chondrites of the Streedagh and Ballina 
Limestone successions the trace fossil cf. Scalarituba Weller (Plate 125) 
is recorded. This has not been found outside the poorly fossiliferous 
micrite environment.
The irregular, often smooth, bulbous, intertwining, sometimes 
dichotomising elements comprising the rodding described by George and 
Oswald (1957) are only recorded in the better aerated, crinoidal bio­
micrites of the Ballyshannon Limestone of the Rinn Point Beds and 
Derkmore (Plate 126).
4. CONCLUSIONS
Certain assemblages of trace fossils appear to be diagnostic of
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given environments. In the accompanying account the following forms 
have been found restricted to a single environment: On-delta deposits - 
giganteid burrows and Rhizocorallum Zenker; transitional deltaic 
perideltaic assemblage - cf. Saporta Squinabol, Diplocraterion Torell, 
cf. Corophoides Smith, and a new type of trace fossil bearing features 
reminiscent of both cf. Asterosoma von Otto and cf. Stellascolites 
Etheridge. Off-shore mud-zone assemblage - cf. Fucusopsis Vassoievitch, 
Siphonites Saporta, Teichichnus Seilacher; off-shore clear-water assemblage 
cf. Scalarituba Weller; while Chondrites Sternberg is the only form 
ubiquitous to marine deposits regardless of whether they are fine grained 
Calcareous micrites or fairly coarse grained sandstones.
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VI. STRATIGRAPHICAL CORRELATION
1. HISTORY OP RESEARCH
The general regional stratigraphical comparisons outlined by 
Caldwell (1959> pp.180-181) provide an adequate background summary 
of the relationships of the Visean strata in N.VT, Ireland and their 
relationship to the Central Province of England.
George (in George & Oswald, 1957, pp.174-175) enlarges upon the 
detailed zonal problems involved in comparing the Carboniferous of the 
Donegal syncline with that of Sligo, Omagh, the Isle of Man, and the 
Lake District. Together with Hudson (in discussion of Oswald, 1955) 
they (op.cit.) comment on the similarity of the Sligo - Donegal suc­
cession to that of the Craven Lowlands. This is cited by Caldwell 
(1957, PP*95-96) in his extensive comparison of the Carrick-on-Shannon 
succession with outcrops to the north of St. George*s Land which he 
attributes to one trough of sedimentation during much of Visean times.
He draws attention to the lithological similarity of the Carrick-on- 
Shannon and Craven - Bowland lowland succession, laying particular stress 
on the macrofaunal content.
In addition to Caldwell's (1959) hypothesis the correlations are 
now extended into the Northumberland trough, on the basis of ostracod 
studies undertaken by Dr. J.E. Robinson.
2. INTRODUCTION
Adherents of constitutional zonal stratigraphy mi^t afford this 
section a sceptical reception. However the correlations proposed rest 
on the comparison of gross lithology and faunal assemblages both of
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which are readily recognised in the field. Detailed specific identi­
fication of the fauna has not been undertaken by the author, since such 
lists have been recorded for the whole area by the Glasgow school within 
the last decade (Oswald, 1955; George & Oswald, 1957; Bowes, 1957;
Caldwell, 1959)* Instead an attempt was made to correlate the macro- 
fauna, previously recorded, with the micropalaeontological data being 
supplied by specialists in the fields of ostracod, conodont and fora- 
miniferal studies.
The initial correlations were deduced on the premise of a certain 
degree of constancy of lithology over a wide area. These inferences 
have since been substantiated by detailed micropalaeontological analyses.
It transpired that the foraminiferal assemblages of much of Co. Sligo 
were being independently investigated by members of Robertson Research 
Co. Ltd. under contract to Ambassador Oil Co. Ltd.. Accordingly, despite 
the prior collection of prolific data, the foraminifera were not studied 
in detail. Generalised comparisons with the results of these companies 
(personal communication D.J.R. Sheridan, P.W. Hubbard and R.W.L. Oldroyd) 
would appear to support the correlations here proposed.
The most useful micropalaeontological information has come from the 
sanç)les specifically selected for ostracod studies. These studies were 
undertaken by Dr. J.E. Robinson. The results have not only facilitated 
more detailed facies studies related to the salinities implied, but 
also correlation with the neighbouring Ballymote syncline and Northumberland.
Further attempts to integrate micro- and macro-palaeontological 
stratigraphical correlation proved a failure. Sizeable samples selected
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for conodont studies of the limestones of Easky, Aughris, Serpent Rock, 
Streedagh, Kiln Port, and Shalwy yielded only one specimen of Neoprionidus 
sp. which ranges from Ordovician to Trias (personal communication 
R.L. Austen).
When the areas mapped by Oswald (1955) and Bowes (1957) are com­
pared with those of the nineteenth century Geological Survey of Ireland, 
which show fewer boundaries, it is apparent that the last named bear a 
closer similarity in the distribution of outcrops to the proposed inter­
pretation of outcrops (fig. 37) than those given by Bowes and Oswald 
(fig. 56).
5. DETAIIg OF THE REVISED LOCAL STRATIGRAPHY DESCRIBED IN ASCENDING ORDER
a. Basal Beds
The age of these beds is not contested save on Green Island (George 
& Oswald, 1957, p.147, fig. 5) where the exposure consists of green 
schists and metadolerites which are ascribed to the basement.
b. The Ballyshannon Limestone Group
The outcrop of this group in Donegal is not debated; however in 
Co. Sligo its extent is reduced decidedly. The greater part of the area 
south of Cliffony mapped as Ballyshannon Limestone by Oswald, which prior 
to his work had been described as Calp Limestone, is once more referred 
to the various sub-divisions of the Calp Limestone Group. The outcrop 
of Bowes* Ballina Limestone, which he equated with the Ballyshannon Lime­
stone (ibid., p.52) has been re-examined and shown to be crossed by a 
number of faults. The fault blocks consist of sediments ranging in age 
from Ballyshannon Limestone to Dartry Limestone; thus much of the Ballina 
Limestone, as mapped by Bowes, is also referred to higher horizons on a
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lithological basis. The remaining limestone outcrops which are corre­
lated with the Ballyshannon Limestone of the type area are described.
i. ‘ The Ballyshannon Limestone type area & contiguous vertical section 
The Ballyshannon Limestone was first named and described by Oswald
who ascribed it to 0^8^ (1955, pp.168-172). Prior to publication 
Oswald (1952, Ph.D. thesis) gave a more detailed account of the type 
section and contiguous vertical succession. Much of his record is 
derived from the River Erne Hydroelectric Power scheme construction
company. Contiguous outcrop:-
v) At Aughrus Point highly fossiliferous beds, passing up
through argillaceous limestones into the Bundoran Shale.
iv) Coarsely fragmental limestones with abundant crinoid
debris, nodules of chert and local dolomitisation.
Type section
iii) Lower Passage Beds of highly fossiliferous thinly bedded, 
dark, earthy limestones with shale partings.. 
ii) Saccharoidal dolomite with pebbles of vein quartz, esti- 
(g mated to be about forty feet thick.
^ i) Two feet of coarse brown pebbly dolomite with large and 
fS
small derived angular fragments of schist and vein quartz 
resting unconformably on quartz-mica-schist.
ii. Rosses Point
Oswald (1952, p.20) stresses the lithological similarity of the 
Rosses Point outcrop to that seen south of Ballyshannon. The view 
that the beds south of the inlier are of Ballyshannon Limestone s.s.
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and facies is further supported by the Placer Development Co. Ltd. 
bore-hole core records which penetrated the basement on Rosses Upper 
townland. These contain saccharoidal brown dolomite with abundant 
comminuted crinoid towards the base, together with occasional syringoporid 
fragments, orthids, and gastropods. A variable sandy development is 
also found near the base. This bears a striking resemblance to the 
material seen in the road cutting near Knadar Lough, near Ballyshannon, 
where the occasional syringoporid, lamellibranchs, and tumid spiriferids 
have been found.
Further east in inland exposures the beds are seen to be homogeneous, 
richly crinoidal biomicrites analogous to those described in the Finner 
Camp area of the Ballyshannon district.
iii. Ballysodare
A. The small wedge of BeuLlyshannon Limestone faulted between the Pre- 
Cambrian and the Dartry Limestone, which is seen exposed in two quarries 
south of the Ballysodare - Sligo road on Belladrihid townland (one mile 
north-east of Ballysodare), is described by Oswald (1992, p.21) as 
consisting of thick bedded, dark, argillaceous limestones with chert bands. 
It is notable for its marked similarity with the beds exposed on the 
northern banks of the artificial lake at the Ballyshannon Hydroelectric 
Power station; and to those seen only half a mile due south of the 
Belladrihid quarries in a roadside quarry, a quarter of a mile eastnorth- 
east of Teiges Village, on Ballysodare townland. At these places dark 
blue-black, richly crinoidal biomicrite with thin bitumenous shale partings 
containing a conspicuously large crinoid, micheliniids and Conocardium 
are distinctive.
Plate 127* Bedding plane view of rodded, crinoidal biomicrites at 
Derkmore. Scale: hammer shaft is thirteen inches long.
Plate 128. Close-up of vertical section through rodded, crinoidal bio­
micrite at Derkmore, showing the selective lime enrichment of the 
rods and associated compactional phenomena. ScEuLe: coin is one inch 
in diameter.
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B. The lithology of the beds in the Ballysodare fault block is com­
parable with the Ballyshannon Limestone of the type locality. The 
stratigraphical significance of the former outcrop has been proved by 
the Abbeytown Mining Co. Ltd.. Bore-hole cores sunk by this company 
passed through an unconformable junction into the basement at about 
300 feet. The beds are generally homogeneous, light grey micrites 
with abundant crinoid debris yielding a notably rich gastropod fauna, 
in particular euomphallids, with athyrids, and a few fragmental litho- 
strotiontid and syringoporid corals. Oomicrites are also present, 
though less well developed than those south of Ballyshannon.
The above mentioned Ballysodare outcrops are also reminiscent of 
Bowes* (ibid) Kilcummin Limestone.
iv. Derkmore
These beds are reminiscent of the highest beds of the Ballyshannon 
Limestone in the type area at Aughrus, Co. Donegal, and show marked 
similarity with the Rinn Point Beds of Donegal. In all these districts 
they consist of medium to thick bedded, dark blue-grey, bioturbated, 
shaly micrites with conspicuous rodding (Plates 127 & 128), yielding 
abundant comminuted crinoid, and not uncommon zaphrentids, micheliniids, 
syringoporids, Cladochonus. and euomphallids, with less common involute 
and evolute nautiloids, and rare brachiopods: large spiriferids, rhipido- 
mellids, and orthotetids. This lithology is thus more similar to Bowes* 
Kilcummin Limestone than the nearby Ballysodare outcrop previously 
described.
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v. Lurganboy
The problems of the succession at Lurganboy caused by poor exposure 
have already been recounted. The amount of shattering and dolomitisation 
suggest that faulting could be of considerable importance.
Near Ballyglass Wood a very thin subrudaceous development consisting 
of leached arkose with vein quartz and quartzite pebbles is seen resting 
unconformably on the Pre-Cambrian. Together with the overlying cal­
careous, fine grained, fissile, ochre sandstones with plant fragments 
these beds are regarded as being comparable with Oswald* s Basal Series 
of the Ballyshannon area, and the development found in the Abbeytown 
Mining Co. Ltd. records of Ballysodare.
This is followed by homogeneous, highly crinoidal, light grey, 
biomicrite with occasional syringoporids which is readily altered to 
give a saccharoidal brown dolomite. This is lithologically comparable 
with the Finner Camp area at Ballyshannon and the Rosses Point fault block.
Ostracod rich shales with abundant lamellibranchs recorded in the 
Lurganboy cores can be compared with those found in the Ballysodare rail­
way shunting yards and the rapids of Ballysodare river, but are absent 
from Ballyshannon and Rosses Point. Oolitic micrites are present in the 
type area as well as at both Ballysodare and Lurganboy.
In detail the successions of Lurganboy and Ballysodare cannot be 
compared, but the same environments would appear to be represented in 
a similar chronological order at both these areas and at Ballyshannon.
c. The Kildoney - MountCharles - Mullaghmore - Carrowmoran Sandstone
The sandstone outcrops exposed in the core of the Dromore West anti­
cline and wedged between faults about Dunmoran Strand, which were
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previously ascribed to the base of 0^8^ by Bowes (ibid), are here correlated 
with the Mullaghmore Sandstone (S^) and its lateral equivalents.
The Carrowmoran Sandstone shows much greater similarity to the 
Mullaghmore Sandstone of Oswald's (1999) Sligo basin than to the sandstones 
of the Ballyshannon Limestone Group in Co. Donegal. Oswald (1955, pp.173, 
174 & 180) ascribed the Mullaghmore Sandstone to an age between U^S^ and D^ , 
which George (in George & Oswald, 1957, pp.l38 & 163; and 1958, p.270) 
compares to the Kildoney - MountCharles Sandstone of Donegal further north. 
George extends this comparison eastwards to the Clonelly Sandstone of the 
Omagh syncline (Simpson, 1999, p.400).
On gross lithology the Carrowmoran Sandstone and lateral equivalents 
may be described as fine grained, rusty weathering, often arkosic sand­
stones with shaly and silty partings which occasionally are fossiliferous. 
The abundance of marine and argillaceous partings increases in a westerly 
direction. The arenaceous facies of the Ballyshannon Limestone Group, by 
contrast, is seen to have a well developed basal conglomerate, except 
at Ballyshannon, passing up into well sorted, well compacted, generally 
coarser grained, non-arkosic and more homogeneous quartzites and sandstones 
with occasional felspathic quartzites. Throughout the succession there 
are more sporadic conglomerate washes and mud pellet stringers than in 
the Carrowmoran Sandstone. The conspicuous rhythmic development of terres­
trial channelling, succeeded by marine horizons which gradually become 
decreasingly brackish; and overall upward coarsening of the sequence 
described by Professor W.D. Gill (personal communication) from Mullaghmore 
and Kildoney are less readily traced at Carrowmoran, but are unrecognisable
Table l8
The Carricknacusha Shale ostracod fauna
Acratia ^
Acratia sp.
Amphissites ÇPolytylites]
Amphissites cf centronota (Girty)
Bairdia sp.
Birdsalella sp. nov. ex.
Bufina sp.
Cavellina cf longula Cooper 
Geisina sp.
Healdia cornigera (Jones & Kirkby) 
Microcheilinella corbuloides (Jones & Kirkby) 
Nuculana sp.
Paraparchites sp.
Pseudobythocypris cuneola (Jones & Kirkby) 
Tetratylus sp. eX
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in the arenaceous facies of the Ballyshannon Limestone Group in Co. Donegal.
From the detailed study of the Carrowmoran Sandstone it is evident 
that correlation can only be made where a controlling structural factor, 
such as depth in a fold, can be found. Thus it is not surprising that 
detailed correlation between Carrowmoran, Mullaghmore and Kildoney cannot 
be made (personal communication, Prof. W.D. Gill).
The present hypothesis is further supported by Dr. J.E. Robinson's 
(personal communication) identification of the ostracod faunas. These 
are closely comparable with those of the Scremerston Coal Group of Nor­
thumberland, which is at base S^ and at top D .^ Amongst the Carrowmoran 
Sandstone ostracod fauna listed in Table 5, the following diagnostic forms 
are recorded: Beyrichiopsis fimbriata Jones & Kirkby, Carbonita [Argilloecia] sp., 
Carbonita fimbriata (Jones & Kirkby), Glyptopleura sp. nov., Sulcella 
affiliate (Jones & Kirkby).
d. Carricknacusha - Benbulben Shale
The Carricknacusha Shale is now regarded as the thin lateral equivalent 
of the Benbulben Shale, which may well be replaced further west, in the 
Ballina ground, by the carbonate facies. The Carricknacusha Shale itself 
can be shown to thin from 139 to 11? feet in a westerly direction across 
the core of the Dromore West anticline, in a distance of less than two 
miles. The ostracod fauna (Table l8) has been shown by Dr. J.E. Robinson 
(personal communication) to have affinities with the Lower Bowland Shale 
fauna yielding the following diagnostic forms: Acratia sp., Amphissites cf 
centronota (Girty), Birdsalella sp. nov. oc , Bufinia sp. oc , Microcheilinella 
corbuloides (Jones & Kirkby), Nucula sp., Paraparchites sp., Tetratylus sp. o6 
thus suggesting an approximate D^ age.
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e. Calp and Upper Limestone Groups (Post-S^ carbonate horizons)
io Easky, Aughris, Serpent Rock and Streedagh Point.
The lithological uniformity of these outcrops has been indicated 
(p. S’S ) and the revision of their stratigraphical position has been alluded 
to (p. ^ 14 )• The exact correlation (Plate G) of the Easky - Aughris and 
Serpent Rock - Streedagh Point successions has not yet been determined. 
Evidently there is a certain amount of facies variation between the two 
districts. Thus it is debated whether the coral rich horizons of Streedagh - 
Serpent Rock die out westwards (tie line o: ), or may be correlated with 
the Easky - Aughris horizon by tie line ^ . The former hypothesis would 
seem more acceptable on account of their relationship to the concretionary 
horizons (tie line ^ ), but the depth of the underlying sandstone unit at 
Streedafeh Point is not known. It is tempting to surmise that the Streedagh 
Point - Serpent Rock and Easky - Aughris coral limestones may represent 
the northernmost recorded stragglers of Caldwell's (1962) Lithostrotion 
pauciradiale and Lithostrotion affine reefs respectively. A detailed study 
of the lithostrotiontid populations of these exposures might resolve this 
dilemma.
Previously OswaCLd ( 1 9 9 9 »  pp#l68 & l80) and Bowes ( 1 9 9 7 »  P * 9 2 )  ascribed 
these beds to the C^S^, but the former admitted to difficulty in determining 
the upper limit of ^2%  on account of the absence of the diagnostically S^ 
faunas in the Sligo syncline. Moreover faunas seemed only slightly more 
forthcoming in that the Glencar Limestone has been zoned on the presence of 
a single dibunophyllid. Recently O.A. Dixon (personal communication) has 
collected a few dibunophyllids from the base of Unit II at Streedagh Point;
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however, they are not prolific.
These limestone exposures are shown to contrast strongly with the 
Ballyshannon Limestone of the type area, but they resemble higher strati­
graphical horizons on Benbulben Mountain considerably nearer their outcrop.
In the type area about Ballyshannon the Ballyshannon Limestone consists of 
massive, crinoidal biomicrites, biosparites and oomicrites containing 
mainly fragmental or transported fossils among which cerioid lithostrotiontids 
are not recorded.
By contrast to the Ballyshannon Limestone of the type area, the Ballina 
Limestone of Eeusky and Aughris bears close similarity to the limestones of 
Streedagh Point and Serpent Rock. The Ballina Limestone consists of 
generally highly fossiliferous, medium to thick bedded, wavy biomicrites 
with subsidiary shale partings which are particularly well developed low 
in the succession. The macrofauna, which is scattered throughout, is 
particularly rich along certain bedding planes where pustulids, linopro- 
ductids, davisiellids, caniniids, fasciculate and cerioid lithostrotiontids 
abound. The micro fauna is notably poor in contrast to that of the Bally­
shannon Limestone of the type locality. The correlation of the limestones 
of Easky and Aughris relates to the lower portion of the Ballina Limestone 
which may be equated with the lower portion of the Serpent Rock succession 
quoted by Hubbard and Sheridan (in press), in which there is an incon­
spicuous cherty development. The well developed chert horizons are recorded 
above this in both areas (Hubbard & Sheridan, ibid; Bowes, ibid, pp.30-31)*
The lowest record of cerioid lithostrotiontids outside Oswald's (1999) 
area is in S^ beds of Garwood (1912, p.94?) * Cerioid lithostrotiontids 
are not recorded from the Ballyshannon Limestone of Aughrus, Co. Donegal,
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or their lateral equivsilents in Co* Donegal, which are known to be 
relatively close to the base of the Carboniferous, where even fasciculate 
forms are reure. These lithologiceil comparisons may be extended by bore­
hole core evidence to areas south and east of the Sligo coast sections 
which are contested* While on Benbulben Mountain Units I, II, V & VI 
of the Streedagh Point succession may be recognised thus suggesting that 
the outcrops of the latter succession should be ascribed to the transitional 
Benbulben Shale - Glencar Limestone (S^D^).
Reference to the faunal lists of Bowes (op.cit.), George and Oswald 
(op*cit.) and Oswald (op.cit.) shows that the following corals are not 
present in the southeastern flank of the Donegal syncline but are to be 
found in Co. Sligo. At Aughris: Caninia benburbensis Lewis and Lithostrotion 
pauciradiale (McCoy). In Oswald's (1999) Ballyshannon Limestone list derived 
from the total outcrop: Zaphrentis (Hapsiphyllum) konincki (Edwards & Haime), 
Lithostrotion affine Fleming, Lithostrotion martini Edwards & Haime, and 
Lithostrotion portlocki (Bronn). To the south of this Caldwell (1999» PP* 
l68 & l80) does not record these species below the Ballymore Beds which he 
correlates with the Benbulben Shale.
The conclusion that Streedagh Point and Serpent Rock are to be ascribed 
to the Calp Limestone Group is heralded by Oswald (1999» p.179) himself 
when he comments "100 feet beneath the top of the Benbulben Shale in the 
Benbulben Range and Dartry Mountains highly fossiliferous shales occur 
yielding brachiopods, corals and bryozoa with large caniniids in a profusion 
comparable with that seen at Streedagh Point".
The dating of the Ballina Limestone as S^D^ is further substantiated
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by the ostracod dating of the underlying Carrowmoran Sandstone already 
discussed.
ii. Lissadell. Coney Island and the southern shore of Sligo Bay.
These outcrops of shales overlain by limestones are referred to the
Benbulben Shale and Glencar Limestone respectively.
iii. Red Hill. Skreen.
The age of this outcrop did not concern Bowes (1997» pp.99 & 96) who 
attributed lithological variations to facies changes in the southeastern 
region of the Ballina syncline. It did, however, puzzle the officers of 
the nineteenth century Geological Survey of Ireland since Kilroe and Symes 
(l880, p.9) record: "Those at Red Hill are, no doubt, the highest beds of 
the Lower Limestone in the district, and were it not for the absence of 
any beds which could be classed under the Calp series, the lithological 
character would entitle them to be placed among the upper limestones". 
Furthermore Bowes does not record cerioid lithostrotiontids in his fossil 
list though fasciculate forms are not uncommon, yet Kilroe and Symes 
continue: "one bed in Red Hill has a peculiar columnar or basaltiforme 
prismatic structure, with small prisms of quartz crystallised on the 
surface, exactly resembling Lithostrotion basaltiforme, but entirely devoid 
of organic remains". This could well result from the weathering of a 
secondarily dolomitised cerioid lithostrotiontid which had been partially 
silicified. This is not an uncommon feature of Unit II at Streedeigh Point.
In further support of these beds being regarded as high, rather than 
low, in the Visean the presence of a small calcite mudstone Waulsortian 
knoll is noted in the Doonflin stream. The lithology was first commented
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upon on Kilroe*s (1892) field map, where a reference to its resemblance 
to those of Duleek near Dublin is found, though its significance was not 
realised by Bowes. Calcite mudstone 'reefs' are not common below D^, 
though occasionally recorded in in the Ballymore Beds (Caldwell, 1999,
pp.166 8c 17c), only one being known in the Ballyshannon Limestone near 
Ballyshannon (personal communication Prof. T. Neville George).
These beds may thus be regarded as equivalent to the uppermost 
Glencar and in part probably lowest Dartry Limestones. The latter is 
defined by Oswald (1999* p.177) as well jointed, grey, crinoidal limestone 
devoid of shale and containing chert which increases in importance upwards.
iv. Raghly.
The Raghly townland promontary provides a further problem. It is 
evidently intimately associated with faulting since many small faults and 
secondary dolomite are present. ■ The lithology of the rock, which is massive 
light grey, crinoidal, cherty biomicrite with lithostrotiontids and lino- 
productids would suggest that it might be correlated with the uppermost 
beds of Red Hill and placed low in the Dartry Limestone. This outcrop thus 
reverts to being nearer the Geological Survey of Ireland's interpretation 
of Calp Limestone than Oswald's Ballyshannon Limestone. This conclusion 
has also been reached on different grounds, independently, by D.J.R.
Sheridan and F.W. Hubbard (personal communication, in press).
4. REGIONAL STRATIGRAPHICAL CORRELATION
a. Introduction
The revision of the local stratigraphy carries with it implications 
of the widespread constancy of each of the lithostratigraphical units.
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Accordingly a somewhat speculative attempt has been made (Plate N) to 
extend the correlation from the Sligo - Donegal area westwards into the 
Ballina syncline, and southwards across the inferred Ox block into the 
Castlebar syncline and Carrick-on-Shannon district.
Correlation with the Ballina ground is simplest since it is not only 
well exposed in similar coastal terrain but would appear to lie approximately 
along thé depositional strike. The inland areas of Castlebar and Carrick- 
on-Shannon, notably the former, are more difficult to correlate on account 
of the contrasting type of weathering and comparative paucity of exposure.
The problem of correlation with Brindle's (1998, unpublished Ph.D. thesis) 
Castlebar syncline may be artificial in part; since the account is con­
siderably less detailed than Caldwell's (1997* Ph.D. thesis) account of 
Carrick-on-Shannon. Alternatively, from the evidence available, it would 
seem that the Castlebar syncline may have been astride a positive element, 
possibly a southwestern extension of the Ox, during much of Visean sedi­
mentation; thus accounting for the apparently condensed sequence.
b. Ballina Syncline
Extensive bog and faulting have hampered previous correlations in 
the Ballina ground. The succession is more readily understood as the 
result of subsequent more detailed lithological descriptions over a wide 
area, further substantiated by the ostracod studies undertaken by Dr.
J.E. Robinson (personal communication).
Bowes (op.cit., p.92) in ascribing the Carrowmoran Sandstone to the 
basal sandstone member of the Carboniferous compared the overlying Ballina 
Limestone with Oswald's Ballyshannon Limestone (C^S^). In this comparison
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Bowes (personal communication) compared the good coastal exposures of 
Easky and Aughris headlands with those described by Oswald at Serpent 
Rock and Streedagh Point (1955, pp.i7O-.i7i).
Bowes,having satisfied himself with the veracity of the correlation, 
which is supported herein, though the age is contested, then inferred 
that the sequence underlying the Ballina Limestone must be early C^S^ or 
earlier. The alternative hypothesis which is now adopted, involving con­
siderably greater faulting, was not seriously contemplated. However the 
comparison of the data, heretofore reviewed, with Bowes* Ballina succession 
is so striking that the following correlations cannot be overlooked.
The stratigraphical correlation of the Ballina Limestone with the 
Ballyshannon Limestone has been reviewed already. The outcrops at 
Streedagh Point and Serpent Rock are shown to correlate approximately with 
those at Easky and Authris, and the transitional phase between the Benbulben 
Shale and the Glencar Limestone (D^) on Benbulben Mountain. These outcrops 
do not correlate with the Ballyshannon Limestone (G^S^) of the type locality. 
Further support for this revision of the correlation at Streedagh Point and 
Serpent Rock has been reached independently on lithological (personal 
communication D.J.R. Sheridan & F.W. Hubbard, in press) and foraminiferal 
grounds (personal communication R.W.L. Oldroyd, in press). Oswald makes 
no comment on the apparent facies variation which his map shows. Yet the 
uniformity of the lithology and faunal assemblage of both the limestones 
of Streedagh Point and Serpent Rock, previously ascribed to the Ballyshannon 
Limestone, and the Ballina Limestone warrant further stratigraphical 
correlation.
The Ballyshahnon Limestone contains a basal passa;ge series of thinly
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bedded dark earthy limestones with shale partings, a median portion of massive 
crinoidal biomicrites, biosparites, oomicrites and oosparites containing 
many fragmental or transported fossils among which cerioid lithostrotiontids 
have not been recorded. At the top of this succession, at Aughrus Point, 
these beds are highly fossiliferous, rubbly, thin bedded, shaly micrites 
with abundant pustulids, rhipidomellids, zaphrentids, gastropods, and less 
common micheliniids, syringoporids. Conocardium and occasional caniniids.
The lower passage beds may be compared with the Upper Shalwy Beds of Donegal, 
which bear a strong resemblance to the Downpatrick Limestone of Ballina.
The overlying limestones have been correlated with the Rinn Point Beds of 
Donegal by George and Oswald (1957» p.l70)» which in turn may be compared 
with the Kilcummin Limestone in Ballina. This latter lithology is also 
recognised at Derkmore, and in bore-hole cores which penetrate the basement 
at less than 320 feet at Rosses Point and Ballysodare. A poorly developed 
thin sandy phase at the top of the Upper Shalwy Beds in Donegal may be 
regarded as the representative of the Creevagh Sandstone of Ballina. The 
topmost arenaceous representative of the Ballyshannon Limestone Group, 
the Muckros Sandstone and capping oolite, is not present at Ballyshannon 
but may be correlated with the Killala Sandstone and Killala Oolite of 
Ballina. Oolites commonly show a local development and can be traced in 
the upper part of the Ballyshannon Limestone to the southeast of Bally­
shannon town. Similarly the Lower Shalwy Beds may be compared with the 
Minnaun Sandstone.
c. Carrick-on-Shannon
In the field comparison with this area, which is considerably more
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calcareous, seems problematical. However, as a result of the systematic 
pétrographie analysis of the coastal successions of Counties Sligo and 
Donegal and their stratigraphical reappraisal, certain marker horisons 
became apparent. That these distinctive horizons may well be diachronous 
is inevitable; nevertheless where their occurrence is found in the same 
chronological order certain inferences may be made. Though some inferences 
can be drawn from Caldwell*s( 1959) paper, without the comprehensive petro- 
graphical details embodied in his thesis (1957) the present correlation 
would not have been possible.
Previous accounts (Caldwell, 1959» P* 18^  ) correlated the Ballyshannon 
Limestone and Kilbryan Limestone Group. The close similarity of the Muckros 
Sandstone of St. John’s Point with parts of the Oakport Limestone Group 
(see p. ) has not been recorded previously.
Caldwell (1957) comments on facies variations within the Ballymore 
Beds of the Carrick-on-Shannon district. In his vertical succession the 
nodular limestone horizon (1957» P»50) is described as containing many 
bryozoa, fragmental shells, and ostracods, crinoid debris and a few forami- 
nifera usually more muddy than the rest of the succession with considerable 
quantities of fine anhedral dolomite. This lithology is recorded in the 
coastal successions of northern Co. Sligo. In sections parallel to the 
bedding objects that might well be mistaken for fine anhedral dolomite trans­
pire to be calcareous sponge spicules. In the succeeding beds Caldwell 
(1957» p.59) refers to the similarity of the coral crinoidal limestones 
of Knocknarush Quarry to Oswald’s Streedagh Point and Serpent Rock coral 
limestone beds.
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Descriptions of the beds in the third unit in the Cavetown Limestone 
(Caldwell, 1957» p.57) would seem comparable with those of the beds in the 
Raghly outcrop.
d. Castlebar Syncline
Correlation with this area is extremely tenuous, the reason for its 
inclusion being related to the attempted three dimensional reconstruction 
of facies variations in the vicinity of the Ox positive element. The 
succession is regarded as a second dominantly calcareous sequence for 
comparison with that of Carrick-on-Shannon.
Lithologically the lower part of the Ballina succession appears 
comparable with the somewhat arenaceous lower members of the Castlebar 
syncline. The Aille Limestone seems comparable with the Ballyshannon 
Limestone s.s. facies; while the Barney Limestone and overlying Visean 
horizons seem comparable with the upper part of the Sligo succession.
The absence of notably shaly facies appears to correlate with the 
supposedly condensed sequence of carbonates recorded between the first 
appearances of the fasciculate and cerioid lithostrotiontids. This might 
be attributed to better aerated and winnowed conditions prevailing during 
their deposition in an area of positive tendencies.
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VII STRUCTURE
1. PREVIOUS WORK
The regional structural setting has been outlined by George 
(1957» p.158) who states that the Donegal, Omagh, Sligo and Ballina 
synclines are members of the Hercynian fold system developed to the 
north of the "Highland Boundary Fault" in north-western Ireland.
Further, George (p.l40) adds that the Donegal syncline is composite, 
having a probable pitching axis of inherited caledonoid grain running 
from near Edergole north-westwards towards the Do or in Peninsula, where 
the Mountcharles Sandstone occupies its core. He describes other sub­
sidiary synclines which are related generally to strike-slip accommo­
dation to resolved stresses. George concludes by stating "some of the 
folds are in part fold-limb replacements and may be high angled reverse 
faults, but the evidence, except of local steepening of dip, is no­
where visible".
Oswald (1955> pp.161 & 183) presents a simple picture of a broad 
Sligo syncline between the metamorphic rocks of the Ox Mountains to the 
south, and those further north. The only conqplications he notes are 
the metamorphic inlier of Rosses Point and the faulted region of 
Lurganboy around which he contends that the sequences are unusually 
thin. The former is related to a horst within the basin of sedimentation, 
and the latter to its proximity to the Ox arch. In his thesis (pp.82-65) 
he admits to being unable to account for the structure of the area between 
Serpent Rook, Streedagh and Lisadell. There is no mention in the paper 
of any caledonoid grain though in his thesis (p.83) he refers to an 
anticline in the Mullaghmore Sandstone north of Grange trending NE-SW.
FIG. 36
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Bowes (1957» p.59) notes the influence of the caledonoid structure 
on the Carboniferous of the Ballina syncline (fig. 36) citing the 
Derkmore anticline, Aughris syncline and parts of the Ox Mountains fault.
The most logical explanation for many of the structures of the 
North-west Irish Carboniferous is offered by Caldwell (1959, pp.183 &
185), who draws attention to the superficial similarity of the Carrick- 
on-Shannon structures and those of the southern region of the Midland 
Valley of Scotland. Caldwell’s conclusions have proved to be generally 
acceptable in this region and have been anplified in the following 
account. He argues that the structure of the Carrick-on-Shannon syncline 
is essentially similar to the Omagh syncline described by Simpson (1955, 
pp.402-405) and postulates that they are contemporaneous structures 
resulting from the resolution of a major conç>ressive stress, directed 
to the north, into two components: a pressure directed north-westwards 
giving rise to folds and a horizontal shearing stress directed north­
eastwards giving rise to the faults. The resolution of the main stress 
being superimposed upon a caledonoid basement resulted in oblique stresses. 
Thus the fault pattern of Simpson’s area has been summarised by Caldwell 
(ibid., P.I84) as consisting of a "complex system of Important caledonoid 
faults, which are probably wrench faults, and subsidiary dip-faults 
with a general N-S trend". A further analogy is to be found in the 
sinistral tear movement of the Eglish - Belshade and Donegal - Barnesmore 
faults of Donegal (George & Oswald, 1957» p. 141 and Walker & Leedal, 1954* 
p.217) though Pitcher et al. (I964, p.252) would favour a dlp-slip move­
ment downthrowlng southwards for the former.
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2. PROPOSED INTERPRETATION
On account of the paucity of inland exposures of the outcrop studied 
'any structural account must be regarded as somewhat tenuous. For the 
purpose of this hypothesis it has been regarded as desirable to combine 
the sparse evidence from the area defined with the regional information 
available in an attempt to provide a more plausible outline than that 
presented by Oswald (1955* p.181) for the Sligo Basin.
The general mechanism proposed by Caldwell, outlined above, is 
also supported by the evidence from the region between Easky in the west 
and Manorhamiiton in the east.
a. Joint Pattern
In an attempt to elucidate the faults postulated on stratigraphical 
grounds joint patterns have been recorded throu^out the area. The joints 
have a vertical attitude and are fairly constant in direction, which to­
gether with their smooth planar surfaces would suggest a horizontal com- 
pressional, rather than tensional, origin. The results of collecting one 
hundred readings, commonly restricted to one bedding plane for each locality, 
is plotted on the rose diagrams of figures $6 and 57* In figure 57 the 
joint pattern for the greater part of the region has been overlain on the 
modified basemap which is compiled from the map in Bowes* thesis, published 
maps of Oswald (1955) and George and Oswald (1957)» and field maps de­
posited at the Geological Survey of Ireland by G.G. Lemon. In figure 36 
the joint pattern for the region adjoining the Ox Mountains is plotted 
on the unaltered basemap compiled from the first three works mentioned 
above.
1 2
6
Figure Similar joint patterns developed in contrasting 
lithologies* 1. Yoredale Sandstone & 2. Dartry Limestone* 
3* Dartry Limestone & 4. Yoredale Shale. 5» Dartry 
Limestone & 6# Yoredale Shale*
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On analysing the joint pattern it becomes evident that there are 
two dominant patterns and a transitional group. The pattern of the 
south-western region is dominated by approximately Horth-South and 
East-West elements, e.g. figure 57 nos. 7, 8, 15, 16 & 17. In Donegal 
and around the north-eastern extension of the Ox Mountains the main 
trends are HE-SW and KW-SE seen in figure 56 nos. 2, 5, 4, 5 & 6.
The transitional arrangement is found at Streedagh and Serpent Rock, 
figure 57 nos. 9 & 10. There is some suggestion indicated in figure 56 
nos. 2, 5 & 16 that had the joints been collected from the Dartry 
Mountains and east of O'Donnell's Rock the North-South and East-West 
components would once more have been dominant, reflecting the distance 
from the Ox Mountains.
The joint pattern is apparently similar in all lithologies, which 
is illustrated by comparing the following pairs of rose diagrams in 
figure 58: 1, Yoredale Sandstone and 2, Dartry Limestone; 5> Dartry 
Limestone and 4> Yoredale Shale; 5» Dartry Limestone and 6, Ballyshannon 
Limestone. Thus variations in joint pattern may be assumed to have some 
local significance.
The influence of the Ox Mountains Fault northeast of Manorhamiiton whose 
displacement can be calculated from the construction of strike lines on 
Oswald's map to be more than 700 feet downthrowing to the north, is 
reflected in the strong south-west - north-east Maxima seen in figure 
56 nos. 15, 14, 15, 17, 18 and 19. This may be related, in terms of 
Moody and Hill's (1956) classification of wrendh-fault tectonics, to 
a second order fault direction in the Manorhamiiton area by contrast to 
the N-S maxima of the primary first order fault direction found west of
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Sligo. Accordingly it may be suggested that the joint pattern reflects 
the depth of burial of the basement by Visean strata. Where the cover 
is least, for instance around the present day Ox Mountains of the 
Manorhamiiton district, a joint pattern related to the second order 
fault direction may be detected in addition to the one related to the 
first order fault direction. In areas where the depth of cover is 
greater only one joint pattern related to the first order fault 
direction is to be recognised.
The combined results of the North-South and East-West joint pattern 
(fig. 36, nos. 2, 3 & 16; and fig. 37, nos. 7, 8, 9, I5, 16, I7) and the 
local northwest-southeast maxima can be seen superimposed in figure 36 
nos. 3 & 16, and less distinctly in nos. 5, 8, 10, 11, 12 and 15; thus 
illustrating the modifying effects of local faults on the regional pattern 
of jointing. The local variation in joint patterns is further accentuated 
in figure 37 nos. 1, 6, 12 and I5 where the northwest-southeast element 
becomes dominant.
The joint pattern may be compared generally with that of the Great 
Scar Limestone of Craven in northwest England described by Wager (1931). 
Features common to both areas include the compressional origin of the 
joint pattern, in which there is a constancy of attitude only interrupted 
by local variations attributed to the influence of proximal faults and 
the depth of burial of the basement. By contrast tensional en echelon 
joints are rare in the region described herein, having been observed in 
the Derkmore coast to have an east-west alignment perpendicular to the 
direction of relaxation which is infilled preferentially by Tertiary 
dykes*
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b. Fault Pattern
Block faulting would appear to be the most probable mechanism 
which might be expected in such highly brittle strata, indicated by 
the high angle of shear (Bucher, 1921, pp.10-14). In its simplest 
form the Carboniferous may be regarded as extremely shallow dipping, 
subhorizontal strata with a regional dip to the southeast. Upon this 
the N-S and NW-SE compressional stresses have acted, which influenced 
by the caledonoid structure of the basement have resulted in the 
structural pattern outlined. This interpretation is further supported 
by the results of subjecting Bowes* and Oswald's maps to elementary 
laboratory exercises.
West of Ballysodare, by the construction of strike lines on Bowes* 
map, the Ox Mountain Fault is revealed to be a high angle reverse fault 
with downthrow to the north in the region of several thousand feet in 
the west diminishing to 500 feet in the east at Ballysodare. Further 
east it has been noted (p. 133 ) that the Ox Mountains î^ult in Co.
Leitrim has a northerly downthrow of at least 700 feet which Oswald 
(1952, p.80) suggests may be a reverse fault which may be con^ared in 
its order of magnitude with Caldwell's (1959, p.182) Woodbrook Fault.
The Ox Mountains Fault is the name applied to a poorly exposed complex 
of faults flanking the Ox Mountains.
Further support for the complexity of the Ox Mountains Fault system 
is indicated by evidence from the Lurganboy area. Oswald (1955, pp. 181 & 
182) mentions this locality as a fault block in which he states the lower 
members of the sequence are much reduced in thickness. In the absence of 
adequate exposure at least three structural interpretations known to the
FIG. 39
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MULLAGHMORE SANDSTONE 
BALLYSHANNON LIMESTONE
v x E w S  BASAL CARBONIFEROUS
SANDSTONE
PRE -  CAMBRIAN
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— — — — — — FauI
-------------------- Fault common to C.G,Lemon's
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— .. Fault mapped by CG Lemon.
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author have been advanced, none of which appears satisfactory. First 
Oswald's simple stratigraphical explanation within a fault block has been 
proved incorrect on account of the considerably greater thickness of 
sediment being encountered in the bore-hole cores than he contemplated. 
Secondly unpublished reports of folded strata which would appear to have 
an anomalous relation to the rest of the regional structure, and would 
seem, therefore, improbable. Finally it is suggested that a hypothesis 
of small scale faulting within the block is much more probable than 
either of these theories. A simple map to account for these exposures 
is presented in figure 39•
Oswald's published geological map and the Ordnance Survey map of 
the same scale do not make an accurate fit when the two are superposed. 
Nevertheless, accounting for the effects of distortion, it would appear 
that the structure mapped by Oswald is more complex than he reveals in 
his accounts. The general impression gained from the map and passing 
journeys throu^ the area would suggest a general sub-horizontality of 
the strata epitomised by the impressive Benbulben "table land". Dips 
shown on his map would suggest that the Benbulben Range and Dartry Moun­
tains formed two shallow basin-like structures with WNW-ESE long axes 
separated by a shallow Glenade anticline, and cut off to the south by 
the Glencar Fault.
The boundaries between the Mullaghmore Sandstone and Benbulben Shale, 
and Glencar Limestone and Dartry Limestone suggest that the structure 
could be interpreted as pitching folds of caledonoid grain plunging to 
the NE for the former, and rotated blocks bounded by faults for the 
latter. The local dips not infrequently oppose the regional dips. This
FIG. 40
E.S.EW. N .W.
D A R TR H HIM ESTO N E
G LEN C A inH M ESTO N E
belts showing local reversal of dip due to reverse faulting
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is well exemplified by following the boundary between the Glencar 
Limestone and Dartry Limestone around the Benbulben Range. The re­
versal of dip m y  be interpreted as the result of reversed drag faulting 
along the margin of fault blocks as illustrated in the diagrammatic 
section (fig. 40). On a small scale such structures m y  be seen in 
sandstone ringers in the Namurian Shales on the southern flanks of 
Dou^ Mountain, Co. Leitrim, although it is recognised that some might 
argue that similar cases could result from soil creep. These conclusions 
lend support to the hypothesis of the compressional origin of the 
fault pattern.
A further caledonoid anticline plunging RE can be traced at the 
western end of Khocknarae, where the nineteenth century Geological Survey 
of Ireland showed only faulting. A diagram of the additional structures 
which may be inferred from Oswald’s m p  is given in figure 4I#
In accordance with this tectonic framework using Moody and Hill’s 
classification of wrench-faults the Dromore West anticline, which had 
previously been recorded as an anomaly by Bowes (1957» p.6$) is now 
interpreted as a third order drag fault. Similarly the Ox Mountains 
Fault, Glencar Fault, and South Derkmore Fault can be ascribed to ver­
tical displacement along the primary fold direction; while the Ballysodare 
Bay Fault is a primary of the first order; and the East Aughris, West 
Derkmore, Belshade-Eglish, and Bamesmore-Donegal faults are all attributed 
to the complementary first order development
c. Age of the Faulting
Pitcher et al. (I964, pp.252-254) have drawn attention to the multiple 
movement along certain of the faults affecting the Carboniferous in Co.
FIG. Al
STRUCTURAL ANALYSIS OF THE SLIGO AREA 
DEDUCED FROM D.H. OSWALD’S (1955) 
GEOLOGICAL MAP.
BENBULBEN SHALE -  GLENCAR UMESTONE JUNCTION
MULLAGHMORE SANDSTONE -  BENBULBEN SHALE JUNCTION
GLENCAR UMESTONE -  DARTRY LIMESTONE JUNCTION
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Donegal* The earliest movements are pre-Visean in age and have the lar­
gest displacements, but certain post-Visean movements with a modest ver­
tical displacement are alluded to. The upper limit is indicated by the 
Tertiary dykes which often cut the faults but are unaffected by them.
Contemporaneous sedimentation controlled by faulting is suggested 
by Gill and Pitcher (in discussion of George & Oswald, 1957» pp.179-180) 
and the latter (1964» p.254)* George in reply (in discussion of George & 
Oswald, 1957» pp. 181-182) does not discount the possible effects of the 
Killybegs fault on sedimentation prior to Upper Shalwy times, nor around 
the Ox Mountains horst in earlier Visean times, but regards them as 
insignificant.
Pitcher (I964» P*254) draws attention to the possible effect of the 
Leannan fault zone as responsible for the marginal downwarp east of which 
there is a considerable increase in thickness of the pre- Upper Shalwy 
sediments •
In extending this attractive hypothesis, involving downwarping of the 
basement accompanied by fault movement. Pitcher further contends that it is 
necessary to invoke downthrow to the southeast to account for the concomi­
tant increase in the thickness of the sediments. At only one place fresh 
evidence supporting this argument has been found, though no indication to 
the contrary has been noted. In the basal conglomerate outlier half a mile 
southwest of Pollacurry Pier, between the Muckros ïïead and Largymore outcrops, 
the penecontemporaneous displacement illustrated in Plate JO is seen striking 
108^ with a downthrow to the south.
South of the Donegal syncline no direct evidence of conteinporaneous move­
ment is recorded since Bowes* (1957* p.6j) interpretation of the ground flan­
king the Pre-Cambrian between Dromore West and Ballysodare is not accepted.
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VIII PAIAEOGEOGRAPHICAL SYNTHESIS
Details of the enviromients of deposition deduced from the des­
cription of the exposures previously mentioned have been recorded with 
their analyses. These conclusions have been assembled in chronological 
order and the composite Visean palaeogeographies have been extrapolated 
from them (fig. 42). Though drawn to scale the three dimensional aspect 
of the diagram is obscured somewhat by the area of maximum sedimentation 
being in the McSwyne*s Bay, Co. Donegal, district which coincides with 
the maximum depth of the perspective.
The overall effect of the revised stratigraphical correlation has 
been to reduce the total thickness of pre-S^ beds in north Co. Mayo. A 
northeastward transgression of the Visean sea may thus be postulated, 
in which the Sligo area was relatively stable (or a block with positive 
tendencies) during C^S^ times, while Co. Donegal remained for longest 
the area of maximum subsidence and deposition. Thus the Minnaun Sand­
stone occurs as a relatively thin development succeeded by a great 
thickness of Downpatrick Limestone in north Co. Mayo, while the reverse 
order of thickness is true for Co. Donegal. Accordingly it may be 
suggested that while the marginal and off-shore carbonate deposition 
of the Downpatrick Limestone was taking place in north Co. Mayo, deltaic 
sedimentation and terrestrial conditions were prevailing in Co. Donegal. 
This, together with the possible reactivation of the Leannan fault- 
zone, would account for the exaggerated thickness of the Bruckless 
sequence, and comparatively thin development of the Lower and Upper 
Shalwy Beds.
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The influence of the Ox block as a positive element restricted 
to times is evident. That it may have shelved northeastwards 
might be inferred from the presence of a greater arenaceous phase 
with plant fragments in the region of the present day Ox Mountains, 
about Lurganboy, than at Ballyshannon where a coral is found in situ 
less than five feet from the base.
During Carrowmoran - Mullagbmore - Kildoney - Mountcharles 
Sandstone times it would appear, from the residual outcrop, that the 
central area of delta building was to the east of Carrowmoran, thus 
accounting for the westerly increase in the marine and argillaceous 
fraction which would be expected in the marginal area of a delta com­
plex. This is further substantiated by the apparent absence of the 
arenaceous facies only eighteen miles west of this, near Killala, 
where Bowes (1957, P*30) records "irregular shaly partings between 
the uneven nodular limestone beds" at the base of the Ballina Lime­
stone resting directly on the Killala Oolite. This description is dis­
tinctly reminiscent of the lithology developed in the Benbulben Shale - 
Glencar Limestone transitional phase of B.E. Co. Sligo, and to the south 
of it, in its lateral equivalents the Ballymore Beds of Carrick-on- 
Shannon (Caldwell, 1959, P.I69). From this evidence the delimitation 
of the palaeogeography of the approximately S^D^ delta has been deduced.
A further deltaic retreat from western Co. Sligo is indicated by 
the thinning of the Carricknacusha - Benbulben Shales towards the 
west, where the onset of the carbonate facies appears to have taken 
place at an earlier date than in the Sligo basin.
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Above this the succession has not been correlated at a sufficient 
number of localities to alter the picture of the superficial uniformity 
of an extensive basin of carbonate deposition in fairly quiet waters 
at times marginal between the dysphotic tropical belt and shallow 
warm waters of the open shelf.
I4l
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PLATE A
THE GEOLOGICAL OUTLINE 
THE REGIONAL SETTING
I
I | Po»t C«fbonil«rou» 
Upper Vist’ar) ft Namur Ian
Palaeozoic 
Cambrian with Caledonian
STREEDAGH _
LOCATION  MAP OF THE A R EA  STUD IED
jMANORHAMILTON
Ballyshannon Limestone Group ft lateral equivalents 
D.R Oswald 1955, T.N.Georqe ft an.Oswald 1957, , 
>7 (unpublished) from which the basa rrai 
compounded; eonsliluling the accompanying thesis.
PLATE B 
GRAPHICAL REPRESENTATION OF AN INCH BY INCH FIELD STUDY OF THE LOWER PART OF THE 
CARROWMORAN SANDSTONE BETWEEN CARRICKP PATRICK -  CLOGHADOO AND POLBREAN - 
CARRICKNAGRAUV.
C olum ns 4W & AE are the o ldes t 6W & fiE  the youngest,
(e.g. AW & 5 W ) ,  and the r ig h t  th e  eas te rn  (e .g . A E & 5E ).
The le ft hand co lum n represents the w estern  lim b o f th e  a n tic lin e
3E3W
Shelly liiTtcstone : eoornphalids
Shelly bend : small fusiform 
gaslcropods, modioloid lamclli 
branchs, osfracods. 0
Gray sandy carbonaceous siftstone.
Calamités fragment.
Stiamaria in growth position.
vertical plants. Q
Small fusiform gasteropods.
grained reworked
Massive impure calcareous 
grained sandstone with
Fine grained calcareous sandstone, 
channeling in North.
blue grey calcareous siltstone 
ostracods
Light grey fine grained ripple 
marked sandstone with occasional 
washouts: Stiamaria in situ.
Cross bedded slumped medlurr 
grained sandstone.
Blue grey shales
Thin bedded sandy micaceous 
mudstones and limestones with 
occasional shale partings
Small sandstone dykes.
. CARRICKNAMBRONTY {West)
Slight slumping and convolute 
bedding. Flute casts S. 113* 
Thinning to South.
LONG COVE (East )
Massive iron rich sandstone 
of variable grain size with 
occasional silty partings. Local 
small scale slumping. Ï
Mgrnarià.
Dark blue grey
Dark blue grey shaly mudslone 
and shale with highly fossiliferous : 
euomphalids, bellerophontids, lamelli- 
branchs and orthocones.
Dark blue grey silty mudstone 
with calcareous mudstone 
nodules. POLLNADl VVA
Dark blue grey shaly 
mudstones and shales with 
hghly fossiliferous planes; 
euomphalids. bellerophontids, 
lamellibranchs, and 
orthocones.
Abundant orthocones.
PLATE C
GRAPHICAL REPRESENTATION OF AN INCH BY INCH FIELD STUDY OF THE UPPER PART OF THE 
CARROWMORAN SANDSTONE BETWEEN CLOGHADOO - PORTMORE -  POLBREAN.
Columns AW ft 4E ar« the oldest 3W ft 3E the youngest. The le f t  hand co lum n rep resen ts  the  w estern
(e.g. 4W  ft 2 W ) and th e  r ig h t the e a s te rn  (e .g . -4£ ft 2E ),
lim b  o f the a n tic lin e
ICf ftR ICKN ACUSHA SHALE
6E
1
Washout, rippk marks.
Ihroujjh which subsidiary rippli
CARRICKNACUSH^
CfOSS bcddtd fins gralnsd
passing northwards and .
Finely cross bedded calcareous 
sandstone. Load casts taper
light grey calcareous iron rich 
sandstone, oolites rare. Cross 
bedding tapers towards 240.'
White fine grained
Odlilic sandy limestone; crinoid 
fragments. Foresets taper to 2:
Fine grained. Ripples S. 068."
Reworked by cf. Fucusopsis.
Ball-like concretions of oolitic 
calcareous medium grained sand­
stone in a matrix of variable
Light grey fine grained oolitic 
calcareous sandstone ; pockets of 
bellerophontids.
Reduction spots.
R Calcareous mudstone.
Occasional shelly bands
spherical brachiopods.
CARRICKADIVEAN
Calcareous blue grey shaly
mudstone abundant orthocones
Reworked by cf Fucusopsis
AEOrlheids, bellerophontids, orthocone
Black shales and sha f^ mod - 
stones with highly fossiliierous 
planes ostracods, orfhcds 
belleropfiontids. ^
Dark blue grey calcareous shales
ings; bellerophontids
ripples S.1W
«-'Q
X.
1
PLATE D
A GRAPHICAL REPRESENTATION OF AN INCH BY INCH FIED STUDY OF THE SHALWY AND 
BRUCKLESS BEDS OF COUNTY DONEGAL.
Thf successions comp.rcd are in the arenaceous facies of the Ballyshannon Limestone Group as represented by the coastal exposures
of the  western lim b of the Largymore syncline at Shalwy and the Brucklcss sequence of l*1cSwyne’ s Bay. The form er succession
being the more westerly is recorded in the le ft hand colum n (e.g. Shalwy 2 Shalwy 3 ) , and the la tte r the more easterly (e.g.
Bruckless 21, 8 5 , 87 ). The columns are numbered in ascending order from  1 to 21
a A A
C O AST AL  S U C C E S S I O N  IN N O R TH  CO. SLIGO
discordant
folding
)RTH CO.
discordant folding
"Txfoiding
Altanclossagh
KNOCKLANE
□
  CONJECTURAL
□ »
JWNLAND BOUNDARY
. OOON5HASKIN
PLATE E
PLATE F
A GRAPHICAL REPRESENTATION OF AN INCH BY INCH FIELD STUDY OF THE 
POINT - KNOCKLANE SUCCESSION, COUNTY SLIGO.
The oldest beds are recorded in column the youngest In column 12.
STREEDAGH
CARBONATE SEQUENCE 
BETWEEN STREEDAGH 
POINT AND KNOCKLANE.
STREEDAGH 5
PLATE
'J r —Ô T ^ - r y -
-2)T— T d -
crinolds, Hnoproduclids, pu6(ulidt.
Dark biM grcy micrIU with abundant 
vni gigantcid caniniids, occaasional
produclids, and llthestronttd. ceralla.
Bluf Wack, mght inch bfddcd, micritt 
with worm wofkfd shate partings «nd 
Icntkular caleartous concrétions; in the 
vn lower portion more regularly bedded : 
small canlniids, zaphrcntids, worms, 
productlds, pustullds, chonetid*. crtnoids, 
micheliniids, fasciculate llthostrontids, 
and shcl fragments.
One foot bedded biomicritc abundant 
VI worms and produclids, current washed 
brachiopods, aulopora important.
Uniform bedded micriic.
More calcareous than the underlying 
beds Four inch bedded black mierite 
with shales containing occassional 
commuted crinoids. Biostromes upto a 
iy yard in diameter domnated by productids, 
canmild, amplcxoid, zaphrenlids, lithos- 
1fOtiontid2. micheliniids. schellwanellids. 
echtnoconchid, small caniniid. Towards I he 
lop increase in mudmest accompanied by 
\  decline in coral population.
Four to eight inch bedded with mierite 
bands upto a foot thick and two ir*ch 
shale bands aburtdant chondrilid, two types 
of teiehinoid, rare caniniid. one inverted 
llthostroliontid; .athyrid, trepostome, fenestdl'd 
ennoid. and leptaenid in silu 
Three inch bedded shaly mudstone with 
n calcareous ringers ■ spirtferid . chondnlid, 
caniniid, fenesteltid. trepostome. crinoids.
Shan fragments, and fascicuUte lilhostrot’ionfld
Cakareous mudstone and blue grey nvcrtte 
commuted crirroid occaaednef brachiopods 
Iilhostroliontidj. Spart te nodules in the
CARRiCKNACUSHA SHALE
SANDSTONES
POSSIBLE CORRELATIONS OF THE 
AT EASKV, AUSHRIS, STREEDAGH
CARBONATE SUCCESSIONS 
AND KNOCKLANE.
BALLINA LIMESTONE
Four inch bedded calcareous mudstone 
and mierite, occassional spa rite nodules, 
sponges , crinoids. brachiopods, bryozoa, 
echinoids. zaphrcntids , lithostrotiontid),
CARRICKNACUSHA SHALE
STREEDAGH
KNOCKLANE
Si* to twelve Inch bedded mtcnte with 
concretions with siliceous sheaths which 
merge In the upper beds to form two 
XI Inch bands of chert alternating, with 
mierite. Occassional washouts at Ihe base 
Rare orthetctid, splrlferid. crinoids
Lenticular cortcretionary si: inch bedded 
biomicrlte Fauna generally transported. 
*  much reworked by worms , washouts; 
crinoids. brachiopods, fenestelllds.
GAP IN EXPOSURE
Highly concretionary, si: to nme inch 
in-egularly bedded, no truly shaly bands, 
relict worm worked mierite, scant fauna 
small produclids , cominuled crinoid, 
nautiloid. Upper portion increasingly muddy 
with cuboidal jointing.
-j^Subshaly. blue black mierite. four inch 
Embedding, scant fauna rcstnctcd to shale 
partings . cominuted crinoids, trepostomes 
Variable to twelve inch bedded, dominated by 
\  sheet concretions, blue black bioturbalcd ' 
yj\>iomlcrite with chert bands
Twelve inch bedded tentlLular concretionary 
blue black micntc with scant fauna 
Knobbly straly btomicnle, biolurbated in It* 
lower portion, thin bedded, fenestelllds. 
crinoids. aulopcrlds. athyrids . spinfends. 
camarotocchiids 
IV Dark blue grey thin bedded subshaiy bn- 
lurbalcd biomicritc prolific can muds, pyntised 
» biostromes, philllpsilds , trepostomes aubponds 
gi fenestelllds, occassnnal Imoproductids. leplacmd 
%maN athyrids. and worm tracks 
Massive,blue grey, biolurbated biomicnte, fauna 
prolific, dominantly in situ lithostrotiontidj 
\ thicket dominant, subsidiary Itlfroslrononrid  ^.
\  solitary corals , clisiephyH-d , caniniids . puslulids 
.Imoproductids. trepostomes. Iwo lypes of worm
Corat limestone; light grey, irregularly beddeu 
bwmicnle with thin shale partings, prolific 
silicificd fauna lifhoslroliontidj frequently ir. 
thickets, caniniids, pustullds. Imoproduclids, 
hthostrolKinlidi
BASE NOT KNOWN
BASE NOT KNOWN
Thm (two inch) bedded gradng up into Ihirtie» 
(four to si:) blue black mudstones and shales 
with increase m lime content. Brachiopods 
prolific pustullds, spinfends. produclids, smalt 
chonehds. rhipidomeillds. athyrids. soweibyeBidt, 
scheliwienellids ; small zaphrcntids. auioponds, 
fenestelllds. trepostomes, commuted cnnoid. 
rare cannid. Iithostrolionlld,. micheliniid . 
phillipsiid. extensively reworked chendntids A U
SERPENT ROCK 
TOP OF SUCCESSION
Thin b*(U«d shaly micrilt 
dominalad by rte ls  dl 
lilhosUdtidntid ) 
Imoproductids. puslulids, 
cnnoids w ith calyx, 
acanlholhyrids, lylothyridc, 
fanattcllids. caniniids. and 
worm trails
Thin baddad subsparry 
micrita caniniids, clisiophyllid, 
l i lh o s lro l io n l id s J ,  worm 
trails
STREEDAGH ^ERRENT ROCK
caratnllds. fragmentai lllhostrolicn 
Thick baddad mlcrlta with 
siciflad talchinids and ont 
Inch diamatar burrows, giganlla 
caninilds ganarally collad, Httros ■ 
trollontld) often Invarfad.llthos- 
Iro tlontkf; occassional, zaphrantld, 
laptaanids, produclids ; caninilds 
vary In length.
■js
 ^ PLATE H
A COMPARISON OF THE 
CORAL LIMESTONE HORIZONS
AT SERPENT ROCK 
STREEDAGH POINT
AND
Biomicritc w ith  slllclficd shale 
partings scant and Iragment­
al fauna caninilds, clisiophyllid, 
auloporld, productid, pustulld, 
burrows one Inch In diameter.
Thin baddad subshaiy 
crinoidal biomicrila w ith  
abundant invartad productlds. 
prolific trails
lithostrotiontid, real with 
fragmental caniniids, laptaanids 
Shaly micrila profuse worm 
trails caniniids auloporids 
trepostomes linoproductids__ 
Comensal lithostrotiontid, & 
caniniids, pustulid ^
Invartad Imoproductids caniniid 
profuse fragmental crinoid /  
fcnastallids & auloporids /
Thin bedded crinoidal bio- 
micrita caniniid quite 
abundant and dominant 
occassional llthostrotiontidg 
burrows one inch in d ia ­
meter _
lithostrotiontid^ thicket.
Leached mierite caniniids 
dominant auloporids Inverted 
biomicrlte fragmental
productlds fenestelllds crinoids 
occassional lltfrostrotiontid, 
chondritid one Inch In diameter
STREEDAGH
filhostroflontk^. rare pustulid &
r ^  IHhostrotlontid,
caninilds
linoproduclids ft caniniids.
canlnids dominant.
sparse fauna ; lithostrotiontid, 
auloporid, euomphallid, zaphrentk^ 
productid, and phllllpcid.
TOP OF SUCCESSION 
Ithostrotlontid, thicket
Medium bedded mierite and 
worm worked shale partings
Medium to  thin bedded 
crinoidal biomicrlte with a 
little subsfraly material 
caniniids prolific dominant 
occassional lithostrotiontid,;.] 
Imoproductids, brachiopods, 
and gastropods. ^
Medium bedded cnnokjyl 
biomicrlte lithostrotiontids, lU -  68 inches in diameter 
often inverted, occassional 
caniniids, trepostomes, and 
worm trails, 
kthostro tiontid , reef 
Crinoidal biomicrite w ilh 
worked shale partings caniniid 
occassional lithostrotiontid^ __ 
Biomicrite w ilh  worm worked 
shale partings lithostrotionlid 
brachiopods, auloporids, 3 
Irepostomes. pustu lid , euo­
mphallid.
lithostrotiontid^, worm tra ils
Fauna scant. lithostrotiontid^. 
worm burrows, rare , pustulid, 
schillwienellid, lithostrotiontid]
Crinoidal biomicrite scattered 
fauna inverted lilhostronlid^ 
syringopond rare lilhoslrontid i 
Large lithostrontids,;, coiled 8. 
straight caniniids, inverted ,  
lithostrontidy
Thick bedded mierite prolific 
fauna lithostrontid^ abund­
a n t, lithostrotiontid], occassion­
a l, auloporids caniniids 
teichinids and burrows one 
inch in diameter. ^
Thick bedded mierite less \  
fauna than adjacent beds '  
Imoproductids, lithostrotiontid 
Thick bedded micrile l ith o s - '
linoproductlds dominant, 
zaphrcntids, auloporids, trepo­
stomes, inverted lithostrotiontid^
Leactied white m icrlte; abund­
ant lithostrotiontid^ in  s itu , 
small one oocassionaly Invert* 
caninilds.
lithostrotiontid), caniniids. lino- 
productids, spkiferlds, 
trepostomes, philipsiids 
"occasional linoproductid, leptaenid, 
caniniid, clusters, productlds, ortho- 
_tetids, auloporids, splriferids. 
_ llthostrotiontld), some Inverted.
lilhostrotiontid) dominant, 
occassional zaphrentid, mlchellnid, 
auloporid, trepostome, splrlferid, 
jxoductld .
lithostrotiontid) thicket rare 
nverted coralla 
occassional caniniid.
ftecrystallised partially slllcified 
micrlte abundant geniculate 
caniniids.
i3P
caniniids & lithostrotlontlds.
J?
^  linoproductlds & caninilds.
J A S E  OF CORAL LIMESTONE
Alternating subshaiy reworked 
tiands w ith teichinids and 
m icrlte increase in number 
of caniniids; schuchertelllds, 
tylothyrids, trepostomes, and 
lithostrotiontid]commesal association of 
lithostro tlon tlds)g ,] In thicket 
rare caniniid linoproduclld
'lin o p ro d u c to id l"" '" ""  ‘  
abundant auloporids encrusting 
caniniids, linoproductlds, leptaenid 
dense caniniid clusters. Medium bedded subshaiy
prolific caniniids subsidiary m ierite : crinoid deBris, large
lithostrotiontid] llnoproductoids caniniids, chondrltlds, much 
pustullds orthotelids splriferids reworked.
\rhynchonellids and trepostome 
caniniids, occassional ostracod, 
linopcoductoid, inverted llthos- 
tro tiontid), rare lithostro tiontid ]
caniniids dominant, ostracods. 
crinoid ossicles , linoproductlds.
lithostrotiontid) thicket.
canjniids abundant , lithos tro ­
tiontid ) inverted and sub­
sidiary
caniniids dominant, occassional 
inverted lithostrotiontid) corala
trotionlitL. large canmiid. 
chondriliin, worm burrows
Decrease in shale content 
scattered fauna lithostrotiontic 
ess than eighteen inches 
m diameter, lithostrotiontid] 
and large canmiid
Small spjney chonetlds, small 
zaphrentlds, cominuted crinoids, 
auloporids, te ich in id , chondrltlds 
Medium bedded subshaiy 
mierite abundant teichinids. 
auloporids, productlds, rhipido- 
mellids, acanthothyrids, and 
crinoids.
Thick bedded mierite with sub- 
straly partings w ith biostrome 
crinoid, chonetlds, pustullds, 
productlds, occassional caniniids 
auloporids, lithostro tion tid ] . 
small zaphrentlds, rhipidomelids 
indistinct burrows.
SCALE IN FEETirw
caniniids dom inant, occassional 
inverted lithostrotiontid.
biostrome of actinoconchids. Thick bedded m icrite  some
_  lithostrotlontlds & trepostomes caniniids, pustullds, inverted
S j/ fu s ifo rm  gastropods, euomphalid. fragm ental lithostrotiontid 
zaphrentid, auloporid, trepostome,
,fene*te lid ,sp iiiterid . orthotehd. Thick bedded micrlte with
& philipsiid subshaiy partings
lino p ro d u c tld s  orthotetids BASE NOT SEEN 
pustulid spiriferid aulopond SEA LEVEL
& phfipsiid
PLATE I
COASTAL SUCCESSION IN NORTH WEST CO. SLIGO (E A S K Y )
Unnagallem
□ □
IN N O R TH  W E S T  CO. S L IG O  ( E A S K Y )
^Oughwore
Unnagallet
PLATE J «
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COASTAL SUCCESSION IN NORTH WEST CO. SLIGO (AUGHRIS)
PollarceA U G H R IS
^PollachurryPollnam augaf
Carrick ijacusha
PLATE K
A GRAPHICAL REPRESENTATION OF AN INCH BY INCH FIELD STUDY OF THE RINN POINT BEDS 
OF THE LARGYMORE SYNCLINE AND THE BALLYSHANNON LIMESTONE OF AUGHRUS CO. DONEGAL.
FACIES CHANGES IN THE 
RINN POINT BEDS OF 
THE LARGYMORE SYNCUNE
THE BALLYSHANNON LIMESTONE 
AT AUGHRUS (Co. D onegal)
LEGEND TO CARBONATE ROCKS
1 ' 1 '
1 1
m m
»a ' ^ '
(A <3
Ù ^
^  A ^
#  #
, v v ;
%
MUCKR0S5 SANDSTONE AT ST JOHN’S POINT
2
-5:. / I /
/ % / "X" /
S Z 2 Z E
> j i c
/ / 1/ /
►AvK
- ]
— ^Ww
3 TOP OF SUCCESSION 
Sobmusivc, richly crinoidal blosparltc 
with occasional thin shal* partings 
orthototids, crinoid s ta m i, transported 
tyringoporld, upward increase in 
algal discs.
Alternating ttiin bedded crinoidal b io - 
sparite with fragm ental brachiopods 
rhynchonellid, splrlferid o rtho te tid  
trepostomes and rodding
Thin bedded sandy biosparite with 
thin shaly crino ida l siltstonespartings.
Massive, algal disc biosparite with 
upward increase in crinoid debris, 
pustulid and spiriferid fragments.
Rodded th in  bedded sparite : few 
orthotetids, crinoid debris, echinoid 
radioles.
Medium to thin bedded biosparite 
coarsening upwards occasional cominuted 
crinoid spread, crushed echinoid, sponges, 
one transported syringoporld and algal 
discs in upper part.
Massive crinoidal biosparite with 
sporadic algal discs
Massive, algal disc, crinoidal biosparite, 
some stylo lltised bedding planes
i/J-U,-'.
/ / // I t.
Encrinite
Calcareous sandy siltstones with 
produclids crinoids schellwienelilds.
-Sandy, siity , rodded, calcareous stralc 
with small phricodothyrids.
Submasslve, crinoidal, sandy biosparite 
with occasional ooiiths and an algal 
disc horizon. Inaccessible crinoidal biomicrlte , algal 
discs variably developed, small 
productlds and crinoid debris
Subsilty rodded shaly limestone with 
lenticular lime concretions ; occasional 
Cauda o a ll i. abundant o rtho te tids, smali 
pustulolds, phricodothyrids, echinoid 
radioies, crinoid stem , and rare small 
canlnlold.
Massive , crinoidal biosparite with algal 
discs and occasional syringoporld.
Biolurbated crinoidal shale.
Crinoidal biosparite with sporadic 
rodding and one crjnoid calye.
" 1' 1'
' ,
p
,J/ '
Submasslve biosparite with abundant 
crinoid stems.
Stylolltised biosparite
— J —
Massive, crinoidal, algal disc biosparite.
/Mudstone iense w ith prolific syringoporld 
and sp lrife rids margins obscured by 
^rubble
Massive sandy oolitic a lgal disc 
biosparite capped by splrlferid  
thanatocoenosis with cladochonids
Often leached calcareous oolitic 
sandstone w ith one prominent stylolltic 
bedding plane
/c rino ida l calcareous s ilty  shates with 
fenestelllds and athyrids
Massive. ooHtlc. crinoldat. algat disc 
bio sparite
'Massive crinoidal biosparite wilts 
occaslonat sandgrams, tragmental 
orthotehds and crirxxds
(SCUDDAGH) P L A T E  L
L -1. - i
e /  d / I / # /
/ / /
//////.
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M a s ^ ,  sandy, algat disc biomicritc
Ttiln bedded coarsely crinoidal sandy limestone 
with ttvn Itedded sandy siltstone
Massive sandy micrlte with abundant syrlngoporids,*) 
many In situ, some inverted
Crinoidal algal disc bl,osparlte becoming pisolltic towards 
the top, where there are coated modlololds.
Much weathered, six Inch bedded , crinoidal sandy oolite 
with westerly and easterly tapering foresets; occasional 
Inverted brachiopod.
Algal plate, crinoidal biosparite
Sandy algal disc crinoidal muddy limestone with 
arenaceous partings
Crinoidal algal disc sparite passing up into micrlte, 
occasional syringoporndt
Sandy, algal disc, crinoidal biosparite
Irregularly, bedded, sandy crinoidal limestone
Sandy, oolitic, crinoidal, irregularly bedded biosparite
Sandy calcareous biotiebated shales 
Sandy, oolitic, algal plate biosparite 
Sandy shale and algal plate biomicrite
FEET
- t o
Crinoidal biosparite with algal discs and 
rare synn go po rid S j and fish  tooth
Sandy biomicrite
Inaccessible, massive, crinoidal. sandy brorrHciite
/ /  /  ALGAL DISCS
BASF OF SUCCESSION
BORE -  HOLE CORE RECORDS OF THE 
BALLYSHAN NO N  LIMESTONE^
PLATE M
zr
BALLYSHANNON
LURGANBOV
ROSSES POINT
RED HILL ^  
SKREEN
ISO •  BALLISODARE
100
ISO ox MTS.
WO
Ô
wofw ly Umtttent wli
*bufl««nl crln«<d dobrlc, neduioft 
chtrt and local dolemltltotton.
Mcchiroidal delomirt 
vain quart! and at I
compact crinoidal lima atone 
catearaoua henaycemk waalharlng 
large concrvtlona
ahale with plaly limeaiona and aandslana riba, 
oolitic limealpna
lamelllbramch oairacod aha lea
crinoidal limestone «eith aynngoporida m altu.
compact grey limestone with occaaaionat 
crmolda. local dolomitisation
ematimaa ferruglnowa
diacontmuew*
0 _ _ ! _  1 3 S S S 7 1 9 1 0  
mil#»
P L A T E 2 N
mmîiê.
TENTATIVE S T R A TIG R A P H IC A L C O R R E L A T IO N  O F  THE VISEAN IN TH E  V IC IN IT Y  OF TH E OX M O U N T AIN S .
S L IG O  S Y N C L IN E  (Oswald 1955) scale in feet
B ALLIN A SYNC LIN E (modification of Bowes 1957)
J balunaI
GLENCAR L
D O N EG AL SYNC LIN E
probable(George & Oswald 1957)
least probable
first appearance of
first appearance of
 V
C AR R IC K -O N -S H A N N O N
SYNCLINE
/'//
///
///
\  CASTLEBAR  SYNCLINE
/  //./.
///' 
IL. - (Caldwell 1959)
(Brindle 1956)
